! 

!lo 

•LO 

^ 

Ic-- 

0 

'CNJ 

■o 

0 

■o 

•o 

(n — 

cr            ^ 

>          = 

"" 

CD 

C^ 

••— 

00 

~>^ 

,■  v 


ni!!n!!!i!!Ulii 


#v^' 


•      w^.  > 


.5- 


•Ji.^ 


^^^ 


',r^' 


^P.:/ 


1  RAT 


^rERNATM 


aatjv, 


AA0iH3MA    QUA    riB33vM0^'h 
r         -R33HI0M3  JAO 


GROUP  BEFORE  FESTIVAL  HALL,  AFTER  JOINT  MEET- 
ING OF  SECTION  F,  INSTITUTION  OF  ELECTRICAL 
ENGINEERS  AND  AMERICAN  INSTITUTE  OF  ELECTRI- 
CAL  ENGINEERS,  WEDNESDAY,    SEPTEMBER    14,    1904. 


TRANSACTIONS 


OK  TUB 


INTERNATIONAL  ELECTRICAL 
CONGRESS 

ST.  LOUIS,  1904 


IN  THREE  VOLUMES 

VOLUME  II 


Published  under  the  care  op  the 

General  Secretary  and  the  Treasurer. 

1905 


J.    B.    LYON   COMPANY 

PRINTERS    AND     BINDERS 

ALBANY,    N.    Y. 


NOT  COPYRIGHTED. 


PtTBLICITY   I>-VITBD. 


TRANSACTIONS 


SECTION  C 
Electrochemistry 


Honorary  Chairman,  PROF.  DR.  OSTWALD 

Caiairman,  PROF.  HENRY  S.  CARHART 

Vice  President,  M.  ALFRED  DENNERY 

Secretary,  MR.  CARL  HERING 
Assistant  Secretary,  MR.  S.  S.  SADTLER 


TABLE  OF  CONTENTS— SECTION  C 


PAGE 

The  Relation  of  the  Hypothesis  of  Compressible  Atoms  to  Elec- 

TBO-CiiEMiSTBY.      By    Prof.    Theodore    William    Richards 7 

Discussion  by  Prof.  H.  S.  Carhart  and  Dr.  G.  W.  Patterson.      16 
Electrical   Extraction   of    Nitrogen    From    the   Air.      By  Mr.   J. 

Sigf rid  Edstrom    17 

Discussion  by  Prof.  C.  F.  Burgess,  Dr.  E.  F.  Roeber  and  Mr. 

Edstrom     26 

The  Chemistry  of  Electroplating.     By  Prof.  W.  D.  Bancroft 27 

Discussion  by  Mr.  Anson   G.  Betts,  Prof.  Louis  Kahlenberg, 

Mr.  E.  F.  Kem,  Prof.  C.  F.  Burgess  and  Dr.  Bancroft 35 

The  Carbon  Cell.     By  Dr.  F.  Haber  and  Dr.  L.  Bruner 44 

Discussion  by  Mr.   C.  J.  Reed,  Dr.   VV.  D.   Bancroft  and  Dr. 

Louis  Kahlenberg   49 

The    Electrochemical    Series    of    the    Metals.      By    Prof.    Louis 

Kahlenberg    53 

Discussion  by  Dr.  W.  D.  Bancroft,  Dr.  H.  E.  Patten  and  Dr. 

Kahlenberg     65 

The  Lead  Voltameter,     By  Mr.  Anson  G.  Betts  and  Dr.  Edward  F. 

Kem    67 

Chlorine  in  Metallurgy.     By  Mr.  James  Swinburne 80 

Discussion  by  Dr.  W.  D.  Bancroft  and  Mr.  S.  S.  Sadtler 84 

Alumtno-Thermics.     By  Dr.  H.  Goldschmidt  85 

The  Silver  Voltameter.     By  Dr.  K.  E.  Guthe  90 

Discussion  by  Dr.  R.  T.  Glazebrook,  Dr.  W.  D.  Bancroft,  Mr.  S. 

S.  Sadtler,  Dr.  H.  S.  Carhart  and  Dr.  Guthe   105 

A  Study  of  the  Materials   Used  in   Standard   Cells  and  Their 

Preparation.    By  Dr.  G.  A.  Hulett  and  Prof.  H.  S.  Carhart 109 

Discussion    by   Dr.    R.    T.    Glazebrook,    Dr.    W.   D.    Bancroft 

and  Dr.  Carhart    126 

The   Electrometallurgy   of   Iron    and    Steel.     By   Dr.    P.    L.    T. 

Eeroult    129 

Discussion  by  Dr.  J.  W.  Richards,  Mr.  E.  H.  Whitlock,  Mr. 

W.  McA.  Johnson  and  Mr.  J.  Sigfrid  Edstrom 133 

The  Present  Status  of  the  Edison  Storage  Battery.     By  Dr.  A.  E. 

Kennelly  and  Mr.  S.  E.  Whiting  135 

Discussion  by  Prof.  C.  F.  Burgess,  Mr.  S.  S.  Sadtler,  Dr.  Louis 
Kahlenberg,  Mr.  J.  Sigfrid  Edstrom,  Dr.  Kennelly  and  Mr. 

Whiting    150 

Electrolytic  Conduction.    By  Prof.  J.  W.  Richards   152 

Discussion  by  Mr.  Carl  Hering,  Dr.  E.  F.  Roeber,  Dr.  H.  E. 
Patten,  Dr.  W.  D.  Bancroft,  Dr.  Louis  Kahlenberg  and  Prof. 

Richards    157 

Ei  ectrolysis  of  Fused  Salts.     By  Prof.  Dr.  Richard  Lorenz 160 

Electrolysis  and  Catalysis.    By  Prof.  Dr.  W.  Ostwald 187 

Total  number  of  papers  present  in  Section  C,  1 5. 
[5] 


Openikg  Session.  Section  0. 
aionday.  September  13,  1904. 

Section  C  was  called  to  order  Monday  morning,  September  12, 
1904,  at  11 :30  o'clock  in  one  of  the  section  halls  of  the  Auditorium 
on  Olive  street,  by  the  chairman.  Prof.  Henry  S.  Carhart. 

The  Chair  announced  that  in  the  absence  of  the  author.  Dr. 
George  W.  Patterson,  Jr.,  of  the  University  of  Michigan,  would 
read  the  paper  prepared  by  Prof.  Theodore  William  Richards,  of 
Harvard  University,  on  "  Compressible  Atoms."  Thereupon  Dr. 
Patterson  read  the  following  paper: 


THE  RELATION  OF  THE  HYPOTHESIS  OF 
COMPRESSIBLE  ATOxMS  TO  ELECTROCHEM- 
ISTRY. 


BY  PROF.  THEODORE  WILLIAM  RICHARDS,  Harvard  Univertity. 


The  nature  and  origin  of  chemical  affinity,  and  the  laws  which 
govern  its  irregular  manifestation  are  veiled  in  unusual  obscurity. 
There  can  be  no  doubt,  however,  that  the  chemical  elements  are  in 
some  way  often  firmly  held  together  in  compounds,  and  that  in  the 
process  of  forming  these  firm  combinations  much  potential  energy 
is  usually  converted  into  heat  or  electrical  energy.  The  mechanism 
of  this,  the  most  important  source  of  power  to  living  beings,  is  hard 
to  discover. 

A  few  years  ago,  it  occurred  to  the  author  that  since  affinity 
binds  firmly,  it  should  also  exert  pressure,  and  should  therefore 
tend  to  combat  all  the  influences  existent  in  matter  tending  to 
distend  the  substance.  The  mutual  affinity  of  two  elements  in  a 
compound  should,  therefore,  tend  to  diminish  the  volume  of  this 
compound;  and,  other  things  being  equal,  the  greater  the  affinity, 
the  greater  would  be  the  change  of  volume  and  the  smaller  would 
be  the  final  volume  of  the  resulting  compound.  If  this  relation 
really  held  true,  it  should  be  most  clearly  perceptible  in  com- 
pressible substances;  hence  a  number  of  compounds  of  the  easily 
compressible  halogens,  chlorine,  bromine  and  iodine  were  studied 
with  regard  to  this  possible  relationship.  It  was  discovered  that, 
in  general,  the  volume  of  a  solid  chloride  or  bromide  was  much  less 
than  the  sum  of  the  volumes  of  the  metal  and  the  liquid  chlorine 
or  bromine  entering  into  its  composition ;  and,  moreover,  the  more 
energetic  the  reaction,  the  greater  was  the  change  in  volume  during 
its  progress.^  That  is  to  say,  a  great  affinity  evidently  caused  a 
great  contraction.    Subsequently  it  was  found  that  this  parallelism 

1.  Richards  Proc.  Am.  Acad.,  Vols.  37,  .38.  Zeitschr  Phx/s.  Chcm.,  Vols. 
40,  42. 

In  this  comparison  the  heat  of  reaction  was  taken  as  the  measure  of 
chemical  energy.  It  was  shown  that  where  no  great  change  of  heat  capac- 
ity occurs  during  the  reaction  this  is  a  permissible  proceeding  —  that  is, 
under  these  conditions  Berthelot's  ■  rule  of  maximum  work  "  holds  nearly 
true. 

[7] 
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of  intensity  of  reaction  and  magnitude  of  contraction  had  already 
been  noticed  in  some  cases  as  long  ago  as  1881,  by  Miiller-Erzbach, 
and  later  by  Traube,  and  by  Hagemann,  all  quite  independently  of 
one  another.- 

The  relation,  although  in  some  cases  quite  striking,  is  in  other 
cases  concealed  by  other  circumstances,  especially  by  the  differences 
in  compressibility  of  various  substances.  It  has  recently  been  shown 
that,  as  one  would  expect,  the  more  compressible  the  element,  the 
greater  the  contraction  which  occurs  for  a  given  expenditure  of 
energy.^  The  demonstration  of  this  additional  fact  is  a  strong  evi- 
dence that  affinity  really  exerts  pressure,  and  that  the  volume  of 
a  liquid  or  solid  is  dependent  upon  the  intensity  of  this  pressure. 
The  attraction  of  cohesion  also  was  shown  to  exert  a  similar  effect. 
When  corrected  for  the  compressibility  of  the  factors  in  a  reaction, 
and  for  the  cohesion  of  both  factors  and  products,  the  correspond- 
ence between  the  output  of  chemical  energy  and  the  change  of 
volume  during  the  reaction  becomes  so  close  as  to  leave  little  doubt 
as  to  the  fundamental  nature  of  the  relation.  In  any  attempt  to 
penetrate  further  into  the  reason  of  these  facts,  some  assumption, 
avowedly  hjrpothetical,  must  be  made  concerning  the  ultimate 
nature  of  material.  For  the  present  purpose  the  atomic  hypothesi/< 
furnishes  the  most  convenient  foundation. 

The  further  question  now  presents  itself : —  What  is  that  which 
is  compressed  by  this  pressure?  In  other  words,  what  is  the  dis- 
tending tendency  in  solids  or  liquids?  Does  the  pressure  of  af- 
finity simply  restrict  the  vibrations  of  separate  hard  particles  in 
an  empty  space,  or  is  the  atom  itself  compressible?  It  seems  to 
me  that  the  former  usually  accepted  hypothesis  docs  not  sufficiently 
explain  the  difference  between  a  solid  and  a  ga?.  Moreover,  even 
at  the  lowest  attainable  pressures,  where  the  thermal  vibration 
must  be  scarcely  perceptible,  ice  occupies  only  about  half  the  volume 
of  the  solid  oxygen  and  hydrogen  from  which  it  may  be  made. 
Such  a  large  change  in  volume  seems  incomprehensible,  if  it  is 
imagined  to  be  due  to  a  restriction  of  thermal  vibrations  alread-p 
almost  infinitesimal.  The  undoubted  variation  of  the  quantity  6  in 
the  equation  of  van  der  Waals,  and  many  other  facts,  point  in 
the  same  direction.  In  short,  all  that  we  really  know  of  the  volume 
of  the  atom   must   include   the   compressible   environment   which 

2.  .MiilU-r-Erzbaoh.  Berirhlc  d.  d.  (:ni.  G.  7//,  217.  2043  (1881).  Trmibe. 
T^aum  (lor  Atomn  (Stuttgart).  1899.  Hagemann  (privately  published  by 
Friedl.Tnder),  lOnO. 

3.  Ricliards.     Proc.  Am.  Acad.,  39,  581    (1904). 
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seems  always  to  surround  it,  for  we  have  no  dircci;  means  of  know- 
ing how  that  whicli  wc  call  material  is  distributed  within  this 
space  —  the  imaginary,  hard  particle  surrounded  by  an  imaginary 
empty  space  is  pure  assumption,  it  seems  to  me,  therefore,  more 
rational  to  admit  that  the  compressible  environm.ent  is  an  essential 
part  of  the  atom,  or,  in  other  words,  that  the  atom  itself  is  com- 
pressible. The  other  alternative,  of  imagining  the  atom  to  be  in- 
compressible, and  the  empty  space  alone  to  change  in  volume,  has 
often  been  chosen  simply  because  its  mathematical  handling  is  a 
simpler  proposition;  but  ease  of  mathematical  treatment  is  no 
evidence  of  verity  in  such  a  case.  The  need  of  an  empty  space  for 
freedom  of  vibration  in  order  to  afford  the  chance  of  a  mechanical 
explanation  of  heat  in  solids  would  at  first  seem  to  be  an  argument 
in  favor  of  the  separate  hard  particles,  but  it  must  be  remembered 
that  if  the  atom  were  elastic  and  compressible,  its  interior  could 
vibrate  even  if  its  surface  were  bound.  Hence  this  support  also 
falls  to  the  ground,  and  the  theory  of  compressible  atoms  stands 
at  least  on  the  same  level  as  its  older  brother,  as  far  as  probability 
is  concerned. 

It  may  be  pointed  out  that  the  hypothesis  of  compressible  atoms 
is  entirely  consistent  with  the  corpuscular  conception  of  atomic 
structure  which  is  so  popular  today,  or  is  equally  consistent  with  an 
hypothesis  which  imagines  all  atoms  to  be  built  of  the  same  con- 
tinuous, compressible  medium  of  which  the  corpuscles  (if  indeed 
they  exist  at  all)  are  smaller  aggregations. 

The  purpose  of  this  paper  is  not,  however,  to  discuss  all  the 
arguments  which  support  the  hypothesis  of  compressible  atoms. 
Enough  have  now  been  brought  forward  to  show  that  the  hypothesis 
is  a  reasonable  one,  not  to  be  cast  aside  without  further  thought. 
Whether  or  not  it  may  be  a  nearer  approach  to  a  definite  picture 
of  reality  is  a  question  of  less  importance  than  that  concerning  its 
ability  to  suggest  new  experimental  work,  and  thus  to  lead  to  new 
generalization  based  upon  fact.  Hypotheses  are  temporary  in  their 
very  nature;  it  has  been  said  that  science  is  being  built  up  of 
stones  taken  from  their  ruins.  Perhaps  it  might  rather  be  said  that 
hypotheses  are  the  scaffolding  which  the  scientific  inan  erects  around 
the  growing  solid  structure,  enabling  him  to  build  more  swiftly 
and  freely.  Danger  can  arise  from  the  use  of  such  temporary 
assistance  only  when  the  builder  confounds  the  temporary  with  the 
permanent,  and  builds  one  into  the  other  in  such  a  way  that  the 
collapse  of  one  injures  the  other;  or  when  the  scaffolding  is  80 
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badly  constructed  as  not  to  bear  a  reasonable  weight  for  a  reasonable 
time. 

The  purpose  of  this  paper  is  to  show  that  this  particular  hypothe- 
sis, dealing  as  it  docs  with  very  intimate  relations  of  energy  and 
material,  is  not  without  suggestiveness  to  the  electrochemist,  and 
hence  also  to  the  electrician. 

Theoretical  Electrochemistry  may  be  divided  into  two  closely 
related  sections  —  that  which  treats  of  the  phenomena  at  the  elec- 
trode, and  that  which  treats  of  the  phenomena  in  the  unchanged 
electrolyte.  The  former  of  these  sections  is  the  more  important 
practically,  and  is  likewise  a  more  certain  domain  theoretically. 

In  the  first  place,  then,  one  may  ask : —  How  would  a  compressible 
atom  behave  on  leaving  an  electrode  and  going  into  solution  as  an 
ion?  It  would  then  be  attacked  by  an  entirely  new  set  of  affinities, 
being  in  its  new  position  surrounded  by  molecules  of  the  solvent 
instead  of  by  atoms  similar  to  itself,  and  these  new  affinities  exert- 
ing new  intensity  of  pressure  would  be  expected  to  change  its  vol- 
ume. Moreover,  the  solvent,  being  itself  in  part  exposed  to  new 
internal  pressures,  would  also  change  in  volume.  As  a  matter 
of  fact,  a  marked  change  of  volume  is  always  observed  when  a 
positive  and  negative  element  go  into  solution  in  the  ionized  con- 
dition. For  example,  a  litre  of  a  normal  solution  of  potassic 
chloride  occupies  43  raillilitres  less  space  than  the  solid  potassium, 
liquid  chlorine  and  water  from  which  it  may  be  made;  the  change 
of  volume  in  the  case  of  common  salt  is  31  millilitres,  and  that  in 
the  case  of  lithic  chloride  17  millilitres.  Potassic  bromide  in  the 
same  way  gives  a  contraction  of  33  millilitres.  Among  these  simi- 
lar compounds,  and  in  many  other  cases,  it  usually  appears  that 
the  greater  the  electrical  potential  afforded  by  the  double  ioniza- 
tion, the  greater  the  change  of  volume;  also,  the  greater  the  com- 
pressibility of  the  elements  concerned,  the  greater  the  change  in 
volume.  It  is  worth  while  also  to  call  attention  to  the  fact  that 
these  changes  of  volume  on  ionization  seem  to  be  approximately 
parallel  with  the  changes  of  volume  on  forming  the  correspond- 
ing hydroxides;  just  as  the  heats  of  ionization  are  approximately 
parallel  with  the  heats  of  formation  of  the  hydroxides.  This  paral- 
lelism may  indicate  that  the  effective  agency  causing  ionization 
or  galvanic  solution  of  a  metal  is  the  attraction  of  the  metal  for 
the  oxygen  or  the  hydrogen  of  water  —  most  probably  the  oxygen.* 

Although  these  regularities  are  fairly  prominent  on  comparing 
4.  Richards,  Proc.  Am.  Acad.,  37,  1.3  (1901). 
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the  properties  of  similar  elements  in  a  natural  group,  exceptions 
are  not  hard  to  find  on  comparing  very  dissimilar  substances.  Rea- 
son for  these  irregularities  may  partly  be  found  in  the  extremely 
complex  mathematical  relations  which  must  obtain  if  the  atom 
is  really  compressible;  but  probably,  at  least,  a  part  of  the  excep- 
tions may  be  traced  to  the  expected  simultaneous  contraction  of 
the  solvent  already  predicted.  That  the  solvent  really  often  con-, 
tracts  is  manifest  from  the  fact  that  in  some  cases  (notably  the 
hydroxides  of  lithium,  sodium,  and  barium,  and  the  sulphates 
of  zinc,  cobalt,  nickel  and  magnesium)  the  solution  occupies  less 
space  than  the  water  alone,  from  which  it  is  made.'^  In  this  con- 
nection it  is  worth  while  to  call  attention  to  the  well  known  fact 
that  during  the  formation  of  eighteen  grams  of  water  from  its 
ions  in  the  neutralization  of  a  strong  acid  by  a  strong  base,  an 
increase  of  volume  of  20  millilitres  occurs  —  an  increase  greater 
than  the  volume  of  the  water  formed.*^ 

Although  by  no  means  all  possible  cases  can  now  be  studied, 
because  of  lack  of  data,  there  is  good  reason  to  believe  that  in  all 
cases  both  the  solvent  and  the  dissolved  substances  change  in  volume 
under  the  readjustment  of  internal  pressures  of  ionization;  and 
the  resultant  effect  is  so  complicated  that  it  is  impossible,  at 
])resent,  except  in  the  most  exaggerated  cases,  to  determine  the 
mode  of  the  distribution  of  the  change. 

Nevertheless,  since  changes  of  volume  actually  occur  on  ioniza- 
tion, and  since  in  the  more  marked  cases  this  volume-change 
teems  to  correspond  roughly  to  the  known  compressibilities  of  the 
substances,  and  to  the  free-energy  change  during  the  reaction,  the 
theory  of  compressible  atoms  is  supported.  At  least,  even  sup- 
posing that  the  explanation  herein  given  is  rejected,  the  theory 
is  here  able  to  call  attention  to  an  interesting  series  of  facts  con- 
cerning volume-change,  which  must  receive  an  explanation  before 
a  complete  interpretation  of  the  nature  of  a  dissolved  electrolyte 
is  obtained. 

Another  less  direct  relation  of  the  theory  of  compressible  atoms 
to  electrochemistry  is  to  be  found  in  the  effect  of  change  of  volume 
of  reacting  systems  upon  their  specific  heat.  Thomsen  pointed 
out  long  ago  that  a  contraction  in  a  reaction  between  aqueous  solu- 
tions is  usually  accompanied  by  a  loss  of  heat-capacity  of  the 

5.  Thomsen,  "  Thermochcmische  Untersuchungen."  I.  45  (1882).  Mac- 
Gregor  Trans.  Roy.  Soc.  Canada,  1890.  See.  Ill,  p.  19;  1891,  See.  Ill,  p.  15; 
Trons.  Nova  Seotia  Inst.  Nat.  Sc.,  7.  368   (1890). 

6.  Ostwald,  •'  Volum-Chem.  Studien."    Pogg.  Ann.  Erg.  Bd.,  8,  154  (1876). 


12  RICHARDS:    COMPRESSIBLE  ATOMS. 

reacting  system;  and  it  is  possible  to  cite  man}'  other  cases  in 
which  this  is  true.  Probably,  however,  the  cause  of  this  loss  is 
not  so  much  the  decrease  in  volume,  as  the  irregular  stress  caused 
by  the  simultaneous  presence  of  very  different  atfinities.  In  terms 
of  the  hypothesis  of  compressible  atoms : —  atomic  distortion  seems 
to  cause  a  diminution  of  heat  capacity.  As  a  Icinetic  conception, 
this  interpretation  is  plausible. 

The  relation  of  this  change  of  heat  capacity  to  electrochemistry 
is  very  important.  Recent  study  has  made  it  appear  highly  prob- 
able that  a  change  in  heat  capacity  during  a  reaction  is  the  chief, 
if  not  the  only,  reason  wky  the  total-energy  change  (or  the  heat 
of  the  reaction)  is  not  equal  to  the  electrical  work  which  the  re- 
action performs  in  a  galvanic  cell."  In  colloquial  language,  the 
heat  energy  which  is  displaced,  or  forced  out,  by  a  diminution 
of  heat-capacity,  does  not  seem  to  be  able  to  perform  work.  If  this 
be  true,  change  of  heat  capacity  is  responsi])]e  for  the  "  bound 
energy  "  of  a  galvanic  cell,  and,  therefore,  according  to  Helmholtz's 
equation,  for  its  change  of  potential  with  the  temperature.  If. 
further,  the  preceding  conclusion  based  upon  the  theory  of  com- 
pressible atoms  be  also  accepted,  the  fundamental  cause  of  this 
temperature  coefficient  of  the  electromotive  force  is  referred  back 
to  atomic  compression  and  distortion,  which  diminish  the  possi- 
bility of  heat-vibration  in  the  compressible  atom. 

One  essential  condition  of  ionization  has  not  yet  been  dwelt 
upon;  namely,  the  relation  of  ionization  to  the  quantity-dimension 
of  electricity.  Recent  investigation  has  shown  that  Faraday's  law 
is  not  merely  an  approximation,  but  is  rather  one  of  the  most  exact 
of  the  laws  of  nature.®  If  the  atomic  theory  be  accepted,  one  must 
therefore  admit  that  each  similar  atom,  on  ionizing  into  a  liquid, 
receives  or  releases  exactly  the  same  charge,  which  is  a  precise, 
simple  multiple  of  a  given  unit.  What  now  does  this  unit  of 
charge  signify?  In  other  words,  what  are  the  essential  attributes 
of  electrical  quantity,  and  what  explanation  for  this  exact  and 
fundamental  law  can  be  found  in  the  theory  of  compressible  atoms? 

To  the  elcctrochemist  who  has  nothing  to  do  v.-ith  electrical 
capacity,  the  quantity-dimension  of  electricity  is  important  merelv 
as  a  number.     He  recognizes  it  only  because  it  is  proportional  to 

7.  Richards.  Proc.  Am.  Acad.  38,  293  (1902).  Van't  Hoff,  Drude's  Ann. 
noltztiiiinn.  Fcst-Schrift.  2.^:5    (1904). 

8.  Richards  and  Tloimrod,  Proc.  Am.  Acad.,  57,  415  (1902);  Richards 
and   St.uli,  ihid..   .IS.  409    (1902). 
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equivalent  weight  of  deposited  metal,  or  to  equivalent  volume  of 
evolved  gas.  Still  more  simply,  it  may  be  said  to  represent  to  him 
nothing  but  the  number  of  atomic  contacts  which  are  made  or 
broken  in  a  given  reaction.  Therefore,  the  electrochemist,  attempt- 
ing to  discover  the  relation  of  the  compressible  atom  to  galvanic 
deposition,  naturally  first  seeks  to  imagine  what  would  happen  to  a 
compressible  atom  on  making  or  breaking  a  firmly  united  atomic 
contact  with  another  atom. 

Evidently,  for  each  union  with  other  atoms,  a  given  atom  would 
give  and  sufl^er  a  shock  of  impact  or  combination.  The  exact  effect 
of  this  shock  upon  the  atom  itself  cannot  be  determined ;  but  if  the 
atom  is  compressible  throughout,  many  forms  of  vibration  or  tem- 
porary rhythmical  distortion  might  be  possible  because  of  this 
yhock.  One  of  the  most  probable  forms  is  perhaps  a  vortex  motion; 
and  it  will  be  seen  that  this  form  lends  itself  best  to  further  inter- 
pretation. If  the  internal  substance  of  the  atom  were  perfectly 
frictionless,  such  a  vortex  would  continue  to  exist  indefinitely, 
wlien  once  formed. 

Let  us  imagine,  then,  that  each  collision  of  atomic  combination 
starts  or  transfers  a  vortex  or  some  other  form  of  self-perpetuating 
shock. ^  Then  the  deposition  of  a  given  number  of  chemical  equiva- 
lents will  result  in  the  transfer  of  a  given  number  of  shocks,  or 
a  given  quantity  of  electricity,  and  Faraday's  law  is  explained.  In 
short,  in  order  to  conceive  logically  of  this  law,  one  need  not  ascribe 
weight  or  mass  to  the  electron, —  a  permanent  vortex  will  repre- 
sent the  needed  unit  as  well  as  a  ponderable  particle.  But  only 
a  compressible  atom  could  hold  or  carry  such  an  infinitesimal 
vortex,  hence  this  hypothesis  is  dependent  vipon  the  hypothesis  of 
compressible  atoms. 

This  easy  explanation  of  Faraday's  law  without  a  material  con- 
ception of  electricity  leads  one  to  inquire  whether  or  not  other 
relations  of  electricitv  misht  not  likewise  be  satisfied  by  a  vortical 
conception  of  the  unit  of  electrical  quantity.  A  complete  study 
of  the  details  of  this  possible  explanation  would  be  out  of  place, 
but  a  few  of  the  electrical  properties  of  substance  may  be  mentioned 

9.  Tt  is  not  important  foi*  this  explanation  that  the  disturbance  should 
be  precisely  the  wing-vortex  usually  meant  by  this  word.  Any  kind  of 
permanent  twist  or  whirl  might  answer.  No  attempt  is  made  in  this 
paper  to  decide  whether  the  difference  between  positive  and  negative  con- 
sists simply  in  a  respective  deficiency  and  excess  of  these  vortices,  or  in 
a  difference  between  right  and  left-handed  motion,  which  Professor  A.  Ei 
Kennelly  has  suggested  to  me  as  possible. 
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in  this  connection.  For  example,  llio  electrical  conductivity  of 
solids  is  in  many  cases  what  it  would  be  expecied  to  be,  if  their 
atoms  were  com])re5sible.  Atomic  distortion  would  be  expected  to 
interfere  with  the  ready  transference  of  the  vortices.  The  simpler 
the  crystalline  form,  the  less  distorted  would  be  the  individual 
atoms,  and  the  more  easily  would  the  vortices  be  received  and 
transmitted  from  one  atom  to  another.  On  the  other  hand,  with 
irregular  atoms,  permanently  distorted  by  chemical  affinity,  the 
uneven  structure  would  receive  and  transmit  the  vortices  less 
easily,  and  the  potential  energy  of  the  mutual  repulsion  would 
be  converted  into  heat.  As  a  matter  of  fact,  the  two  best  electrical 
conductors  among  metals,  silver  and  copper,  crystallize  in  the 
regular  system,  and  the  poorest  solid  conductors  among  pure 
metals,  bismuth,  antimony  and  arsenic,  are  of  less  symmetrical 
crystalline  structure.  The  non-metals  \\hich  are  all  poor  con- 
ductors, are  still  more  noticeably  complex  in  symmetry;  and  such 
non-conducting  substances  as  bromine  and  iodine  must  be  very 
much  distorted  in  atomic  shape,  if  their  atoms  are  compressible, 
because  these  atoms  must  be  much  compressed  on  one  side,  by 
their  firm  union  to  form  the  diatomic  molecules,  and  only  slightly 
compressed  on  the  other  sides,  by  their  feeble  cohesion,  indicated 
by  great  volatility.  The  relatively  slight  conductivity  of  alloys 
and  compounds  points  in  the  same  direction;  fov  heterogeneity  of 
atomic  structure  would  imply  irregular  internal  pressures,  great 
atomic  distortion,  and  hence  poor  conductivity.  The  considerable 
effect  on  conductivity  of  even  slight  impurity  in  a  metal  and  the 
extremely  low  conductivity  of  substances  like  glass  and  cellulose 
are  well  known,  and  accord  with  this  interpretation. 

Again,  it  is  easy  to  see  how  increased  thermal  energ}',  which, 
if  atoms  are  compressible,  must  be  supposed  to  exist  as  a  simpler 
oscillation  of  a  portion  of  the  atomic  centers,  would  interfere  with 
the  reception  and  transmission  of  this  new  vortex-motion,  and 
hence  to  see  why  the  conductivity  of  metals  should  decrease  on  rais- 
ing the  temperature.  Moreover,  one  would  expect  the  slightly 
•distorted  atoms,  easily  receiving  the  electrical  vortex,  should  usu- 
ally likewise  transmit  more  rapidly  the  simpler  oscillations  of  heat 
energy,  which  is  a  fact. 

In  applying  the  vortex  idea  to  the  statical  and  magnetic  mani- 
festations of  electricity,  one  must  imagine  the  vortex  to  cause  stress 
in  the  surrounding  wave-bearing  medium,  giving  rise  to  the  repul- 
sion of  similar  vortices.     Such  a  stress  must  be  iinacrined  whntevet 
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conception  one  forms  of  the  electron,  and  is  at  least  as  easily  con- 
ceivable from  a  vortex  as  from  a  small  particle  of  matter. 

The  explanation  of  the  brilliant  experiments  of  J.  J.  Thomson 
and  his  pupils  on  the  basis  of  the  vortical  electron  is  possible, 
if  one  admits,  as  Thomson  is  quite  willing  to  do,  the  existence  of 
electrical  inertia  independent  of  gravitational  etl'ect.  In  this  case, 
the  cathode  ray  is  to  be  considered  as  a  collection  of  disembodied 
vortices,  vi^hich  may  only  be  driven  through  the  wave-bearing 
medium  under  the  stress  of  great  difference  of  potential.  An- 
other alternative  must  be  adopted  if  one  doubts  the  somewhat  com- 
plicated evidence  concerning  the  relative  masses  of  the  cathode- 
corpuscle  and  the  atom,  and  believes  the  two  to  be  identical.  In 
this  case  it  is  necessary  to  imagine  that  a  single  atom  can  receive 
many  vortices  under  the  peculiar  circumstances  attending  the 
cathode  discharge. 

Other  possible  relations  of  the  hypothesis  of  compressible  atoms 
to  electrochemistry  and  to  the  new  and  surprising  facts  of  radio- 
activity might  be  pointed  out,  but  these  examples  will  serve  the 
present  purpose.  The  object  of  this  paper  has  been  to  show  that 
the  hypothesis  is  a  suggestive  one,  because  it  views  well  known 
phenomena  from  a  new  standpoint,  and  therefore  may  excite  the 
imagination  into  devising  new  methods  of  experimental  attack. 
The  discovery  of  the  probable  relation  of  the  change  of  heat- 
capacity  to  the  temperature  coefficient  of  a  galvanic  cell  is  among 
the  new  relations  to  which  this  hypothesis  has  already  led. 

The  long  continued  illusion  of  phlogiston,  supported  by  eminent 
minds  not  much  over  a  century  ago,  is  enough  to  show  the  danger 
of  a  one-sided  scientific  consciousness,  and  the  familiar  conception 
of  inflexible  atoms  may  also  to  a  less  degree  lead  the  literal  mind 
into  an  intellectual  rut.  Of  course  no  claim  is  made  that  the 
hypothesis  of  compressible  atoms  represents  truly  the  actual  fact: 
indeed  atoms,  in  any  shape,  are  an  imaginary  conception  which 
may  have  no  counterpart  in  reality.  Even  if  the  thinker  progresses 
no  farther  than  to  admit  that,  provided  atoms  exist,  they  may  he 
elastic  and  compressible,  he  has  broadened  the  train  of  his  thought 
and  enlarged  the  realm  of  his  imagination. 

It  has  been  claimed  by  a  few  that  any  hypothesis  is  harmful ; 
but  some  of  the  most  brilliant  of  scientific  workers  have  used  them 
as  a  continual  inspiration.  Faraday,  one  of  the  greatest  of  pioneers, 
dreamed  thousands  of  such  scientific  day-dreams.  To  him,  these 
were  nothing  but  a  benefit;  for  although  led  on,  by  visions,  he 
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knew  well  the  difTerence  between  substance  and  shadow.  He  never 
confounded  hypothesis  with  fact;  and  when  new  facts  overthrew 
a  favorite  imagination,  he  would  discard  the  latter  gladly.,  rejoicing 
that  it  had  led  liim  to  the  discovery  of  new  truth. 


Discussion. 

The  Chairman,  Prof.  H.  S.  Cakhabt:  1  would  like,  myself,  to  call 
attention  to  the  long  paragraph  in  the  middle  of  page  12,  in  which  the 
writer  of  the  paper  is  discussing  the  question  of  compressibility  and  atomic 
distortion  as  the  cause  of  the  diminution  of  heat  capacity,  wherein  he 
draws  the  inference  that  this  diminution  of  heat  capacity  may  account 
for  the  well-known  fact  that  the  total  electrical  energy,  or  the  heat 
reaction,  is  not  equal  to  the  electrical  work  which  the  reaction  performs 
in  the  galvanic  cell ;  or,  as  I  prefer  to  say,  the  voltaic  cell.  The  author 
then  proceeds  to  draw  the  conclusion  that  the  heat  which  is  thus  forced 
out,  or  displaced,  by  this  diminution  of  the  heat  capacity,  does  not  .seem 
to  be  able  to  perform  work.  That  statement  would  appear  to  be  purely 
hypothetical,  as  no  reason  whatever  is  given  for  such  statement. 

Further,  if  I  imderstand  the  position  of  the  author,  his  theory  accounts 
for  the  difference  between  the  total  energy-change  in  such  a  reaction,  and 
the  energy  given  out  in  the  electric  circuit  only  when  the  temperature- 
coefficient  is  negative.  You  will  observe  that  he  says  that  this  heat  which 
is  forced  out  by  the  compressibility  or  distortion  of  the  atoms,  is  not  able 
to  perform  work.  It  would,  therefore,  tend  of  course  to  heat,  or  raise  the 
temperature  of,  the  voltaic  cell.  This  is  consistent  only  with  the  case  in 
which  the  temperature  coefficient  of  the  cell  is  negative,  not  positive.  The 
temperature  of  a  voltaic  cell,  of  which  the  temperature  coefficient  is  posi- 
tive, falls  when  the  cell  furnishes  a  current.  In  that  case,  the  energy 
given  out  electrically  is  in  excess  of  the  heat  of  reaction,  and  this  is 
sufficient  to  account  for  the  fall  of  temperature;  but  the  author's  theory 
would  require  atomic  expansion  and  increase  of  heat  capacity.  So,  if  this 
hypothesis  is  to  account  for  the  temperature-coefficient  of  the  voltaic  cell 
on  the  basis  of  the  author's  statement,  it  will  answer  only  for  a  negative 
temperature-coefficient,  and  not  for  a  positive  temperature-coefficient. 

Doctor  Patterson:  Is  it  not  possible  that  expansion  may  take  place 
in  these  cells  that  are  exceptions? 

Chairman:  The  author  does  not  call  attention,  I  think,  to  any  caae 
of  atomic  expansion  in  voltaic  cells,  but  only  to  contraction. 

On  motion,  the  Section  then  adjourned. 

Tuesday,  September  13. 
Joint  Session  of  Section  C  and  the  American  Electrochemical  Society. 
In  the  absence  of  Chairman  Carhart,  Dr.  Wilder  D.   Bancroft  was  af(h 
pointed  to  the  chair,  and  Mr.  S.  S.  Sadtler  to  act  as  secretary. 
The  following  paper  was  then  read  by  the  author: 


ELECTRICAL    EXTRACTION    OF    NITROGEN 
FROM  THE  AIR. 


BY  J.  SIGFRID  EDSTROM. 


One  of  the  most  important  minerals  ever  discovered  is  the  Chile 

saltpeter.  The  saltpeter  earth  "  Caliche "  is  found  in  northern 
Chile  in  layers  of  from  a  half  to  four  meters  deep.  It  contains 
between  15  to  65  per  cent  nitrate  of  soda  (NaISr03)  and  is  changed 
in  a  number  of  factories  in  Chile  into  the  so-called  "  raw  salt- 
peter," which  contains  about  95  per  cent  nitrate  of  soda,  and  is 
shipped  in  this  form  all  over  the  world.  The  Chile  saltpeter  is 
chiefly  used  for  manufacturing  nitric  acid  and  fertilizers.  In  the 
year  1901  the  consumption  of  Chile  saltpeter  in  Germany  alone 
was  500,000  tons.  Of  this  quantity  75  per  cent  were  used  for  fer- 
tilizers, 20  per  cent  for  the  manufacture  of  nitric  acid,  3  per  cent 
for  the  manufacture  of  nitrate  of  potash,  and  2  per  cent  for  the 
manufacture  of  sulphuric  acid. 

The  demand  for  Chile  saltpeter  is  increasing  and  the  consumption 
growing  heavier  every  year  in  spite  of  the  rapidly  rising  prices. 
We  may  well  ask  if  the  saltpeter  mines  in  Chile  are  inexhaustible. 
Several  investigations  have  been  made  as  to  the  extent  of  the 
saltpeter  deposits  in  Chile,  and  the  reports  vary  from  30  to 
125,000,000  tons.  We  will  probably  come  very  close*  to  the  truth 
if  we  calculate  that  100,000,000  tons  still  exist.  When  answer- 
ing the  question  how  long  the  deposit  in  Chile  will  continue  to 
last,  we  must  take  into  consideration  two  factors  which  primarily 
affect  the  life  of  the  mines.  First,  the  consumption,  and  second, 
the  possibility  of  finding  new  saltpeter  mines  or  means  of  manufac- 
turing substances  of  equal  qualities. 

If  we  assume  that  the  export  of  Chile  saltpeter  will  develop  at 
the  same  rate  in  the  future  as  it  has  during  the  last  10  years,  we 
can  easily  calculate  how  long  the  supply  of  the  present  mines 
will  last.  Fig.  1  shows  graphically  the  report  of  Chile  saltpeter 
during  the  years  from  1830  to  1900.  The  export  during  the  year 
1900  was  1  1/3  million  tons,  and  the  yearly  average  increase  dur- 
ing the  last  10  years  about  50.000  tons.  Basing  the  future  con- 
VoL.  II  — 2  [17] 
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sumption  on  the  figures  given  above,  the  saltpeter  mines  would 
be  exhausted  somewhere  about  1940. 

Many  efforts  have  been  made  to  discover  new  deposits,  but  so 
far  without  success.  Another  way  of  counteracting  the  shortage 
of  Chile  saltpeter  has  been  to  substitute  other  chemicals,  such  as 
sulphate  of  ammonia  for  fertilizers,  but  this  material  is  not  to  be 
had  in  sufficient  quantities. 
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Some  years  ago  experiments  were  made  to  produce  the  required 
nitrogen  from  the  air  by  the  application  of  bacteriology.  The 
artificial  production  of  an  excess  amount  of  bacteria  in  the  earth 
and  seeds  tend  to  increase  the  power  to  absorb  nitrogen  from  the 
air.  The  experiments  have,  however,  not  lead  to  any  rational 
and  economical  application  of  this  method. 

Under  these  circumstances  it  is  not  to  be  wondered  that  in 
several  ways  other  moans  of  producing  compounds  of  nitrogen 
have  been  sought.     The  nitrogen  which  is  contained  in  the  air 
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has  been  the  source  which  has  most  naturally  been  turned  to  in 
seeking  to  produce  a  commercially  useful  article. 

The  Siemens  &  Halske  Company,  of  Berlin,  investigated  a 
method  invented  by  Dr.  Frank  for  manufacturing  cyanamide  of 
calcium  (CaClSTj).  Originally  carbide  of  calcium  was  heated  and 
treated  by  a  current  of  nitrogen.  The  nitrogen  was  received  by 
carrying  a  current  of  air  over  glowing  copper.  The  copper  unites 
with  the  oxygen  of  the  air  and  the  nitrogen  remains.  Later,  the 
same  results  were  obtained  by  carrying  the  nitrogen  over  a  heated 
mixture  of  chalk  and  carbon  in  the  same  proportion  as  used  in 
making  calcium-carbide. 

The  cyanamide  of  calcium  has  been  tried  as  a  fertilizer  with 
good  results.  The  method  of  Frank  is  as  yet,  however,  only  in 
its  experimental  state. 

Most  of  the  experiments  for  the  manufacture  of  compounds  of 
nitrogen  are  based  on  a  compound  with  oxygen.  Owing  to  the 
inert  character  of  nitrogen  it  has  been  very  difficult  to  bind  and 
utilize  the  nitrogen  of  the  air.  As  long  ago  as  100  years  physi- 
cal science  knew,  through  the  investigations  of  Priestley  and  Cav- 
endish, that  electric  sparks  through  air  caused  the  nitrogen  and 
oxygen  of  the  air  to  unite,  and  that  nitric  acid  would  be  obtained 
as  a  product  by  this  process.  Toward  the  end  of  the  last  century 
this  process  was  furthermore  investigated  by  Wills,  Pllicker,  De- 
war,  Lord  Rayleigh  and  others,  but  it  has  been  during  the  present 
century  that  investigations  have  pointed  to  a  practical  solution  of 
the  problem. 

It  was  principally  through  the  immense  development  of  elec- 
tricity that  means  have  been  provided  for  the  solution  of  the 
problem.  The  first  results  from  the  experiments  of  oxidizing  the 
nitrogen  of  the  air  were  published  by  the  Atmospheric  Products 
Company,  whose  method  was  invented  by  Bradley  and  Lovejoy 
{Electrical  World  and  Engineer,  Aug.  2,  1902).  The  apparatus 
used  in  carrying  out  this  method  consisted  chiefly  of  a  solid  drum 
or  cylinder  with  a  large  number  of  platinum  points  placed  inside 
the  drum.  Within  the  drum  another  cylinder  is  placed  with  points 
outwards.  When  the  outer  or  inner  drum  is  rotating  the  points 
come  close  to  each  other.  The  drums  are  connected  to  opposite 
sides  of  a  high-tension  direct-current  system  (8000  to  10,000  volts). 
When  the  distance  between  the  points  is  small  electric  axes  are 
formed  between  the  points.     Through  the  motion  of  the  drums 
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the  arcs  lengthen  the  break.  At  each  arc  under  these  circumstances 
naturally  offers  an  exceedingly  variable  resistance,  an  inductive 
resistance  is  placed  in  series  to  regulate  the  current.  Through  the 
space  between  the  two  drums  a  current  of  air  is  sent,  part  of  which 
is  oxidized  through  the  contact  with  the  arcs.  The  fundamental 
idea  of  this  invention  is  to  obtain  an  electric  arc  of  maximum 
length  and  minimum  cross-section,  in  order  to  bring  the  largest 
possible  volume  of  air  into  contact  with  the  surface  of  the  arcs. 
This  determines  the  efficiency  of  the  system,  as  the  energy  con- 
sumed in  the  arc  is  proportional  to  its  volume.  It  is  evident  that 
tliis  effort  of  subdividing  the  arc  results  in  a  device  in  which  the 
multitude  of  arcing  points  required  for  large  capacities  forms  an 
objectionable  feature  in  practical  application. 

The  efficiency  of  the  Bradley  and  Lovejoy  system  has  been  said 
to  be  one  ton  of  70  per  cent  nitric  acid  per  kilowatt  and  year.  This 
corresponds  to  about  700  kilogrammes  hundred  per  cent  HNO3. 
Any  further  developments  of  this  system  have  not  been  published, 
so  far  as  I  know. 

Another  method  has  been  proposed  by  de  Kowalski  and  M. 
Moscicki.  According  to  the  publication  in  the  Bulletin  of  the 
Societe  Internationale  des  Electriciens,  3d  June,  1903,  his  method 
consists  of  exposing  the  air  to  an  oscillating  electric  arc  with  a 
pressure  of  50,000  volts  and  a  frequency  of  several  thousand 
periods  per  second.  The  method  uses  the  well-known  combina- 
tion of  self-induction  and  capacity.  Its  efficiency  is  said  to  be 
one  kilogram  if  IINO3  per  15  kw-hours,  which  corresponds  to  580 
kilogrammes  HTvTO,  per  kilowatt  and  year.  Also  in  this  method 
the  amount  of  energy  needs  to  be  largely  split  up,  thus  complicating 
the  apparatus  in  order  to  get  good  efficiency,  when  applying  large 
amounts  of  energy. 

A  new  method  for  the  solution  of  the  problem  was  invented  about 
one  year  and  a  half  ago  by  Prof.  C.  Birkeland  and  Mr.  S.  Eyde  of 
Christiania.  As  far  as  now  can  be  seen  this  method  should  give 
comparatively  good  results. 

Prof.  Birkeland  and  Mr.  Eyde  based  their  arrangements  on  the 
well-known  fact  that  the  electric  current  in  the  arc  and  with  it  the 
arc  itself,  can  be  deflected  by  a  magnetic  field,  the  deflection  being 
at  right  angle  to  the  lines  of  force. 

Based  on  this  fact.  Prof.  Birkeland  and  Mr.  Eyde  proposed 
a  large  number  of  arrangements,  of  which  I  will  describe  the  one 
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which  seems  to  give  the  best  results.  In  Fig.  2  are  shown  two 
electrodes,  E  and  E^,  which  are  connected  to  the  poles  of  the 
electric  generator  G.  Tlie  points  of  the  electrodes  are  at  such  a 
distance  that  the  pressure  of  the  generator  can  maintain  an  arc 
between  the  electrodes.  If  a  strong  magnetic  field  is  applied  near 
the  electrodes  and  at  right  angles  to  the  direction  of  the  elec- 
trodes, as  shown  in  Fig.  2,  the  arc  between  the  electrodes  will 
momentarily  be  carried  upward  or  downward,  the  direction  of 
the  current  being  for  the  moment  from  right  to  left  or  opposite. 

For  several  reasons  (one  of  which  being  the  loss  of  pressure 
in  the  resistance  L  connected  in  the  circuit)  the  pressure  will 
fall   between  the   electrodes   at   the   moment   the  arc   is   formed. 


'\nnwinir 


Fio.  2. 


The  arc  will  be  carried  outward  by  the  magnetic  field  and  grow 
longer  as  indicated  by  the  dotted  lines.  Its  resistance,  conse- 
quently, rapidly  increases  until  the  pressure  between  the  points 
is  sufficiently  high  again  to  cause  another  arc  between  the  elec- 
trodes. This  arc  having  a  lower  pressure  than  the  first  one,  the 
current  will  all  pass  through  it,  and  the  first  one  is  extinguished. 
The  speed  of  the  arc  is  so  rapid,  however,  and  the  formation  of 
the  new  arc  so  instantaneous,  that  the  arc  can  be  formed  several 
thousand  times  a  second.  In  the  practical  form  of  the  ovens  only 
some  hundred  arcs  per  second  are  used.  These  arcs  are  formed, 
carried  outward  and  extinguished  so  rapidly  that  to  the  eye  they 
appear  as  a  disc  of  arcs. 

If  the  magnetic  field  is  excited  by  a  direct  current,  and  the 
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generator  delivers  direct  current  for  tlie  arc,  a  continual  series 
of  arcs  will  be  formed.  These  arcs  move  radially  with  a  speed 
corresponding  to  the  strength  of  the  magnetic  field.  The  striking 
points  of  the  arc  along  the  surface  of  the  electrodes  are  also 
moving  away  from  the  points  at  the  same  speed.  Thus  the  phe- 
nomena appear  to  the  eye  like  a  disc  of  arcs  with  the  shape  of  al- 
most a  complete  semi-circle.  The  movement  of  the  arc  near  the 
electrodes  is  usually  more  rapid  at  the  negative  than  at  the  positive 
electrodes,  shifting  the  center  of  the  circular  disc  somewhat  to 
one  side  of  a  line  joining  the  electrodes.  If  the  magnetic  field 
is  excited  by  alternating  current  and  the  arc  is  fed  by  direct 
current,  the  arcs  will  vibrate  between  opposite  sides  of  the  elec- 
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Fig.  3. 


trodes.  This  will  also  be  the  case  if  the  arc  is  fed  by  alternating 
current  and  the  magnetic  field  by  direct  current,  in  which  case 
the  phenomena  will  appear  as  indicated  in  Fig.  3.  It  is  principally 
this  arrangement  which  has  been  used. 

Fig.  4  shows  the  electric  oven  complete  in  a  vertical  section  at 
right  angles  to  the  electrodes.  The  air  that  is  to  pass  the  oven  is 
forced  through  the  channels  A  and  from  them  into  the  arc-cham- 
bers of  the  oven  B,  around  and  in  the  neighborhood  of  the  elec- 
trodes E.  Having  passed  this  space  from  the  center,  and  coming 
into  the  most  intimate  contact  with  the  disc  of  arcs,  the  air  passes 
out  into  tlio  cliannol  C ,  and  leaves  the  oven  mixed  with  a  certain 
percentage  of  oxidized  nitrogen. 

If  we  look  closer  at  this  oven  and  the  principles  according  to 
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which  it  works,  we  may  easily  discern  the  chief  difference  between 
this  invention  and  the  methods  described  before.  The  difference 
will  be  most  strongly  marked  by  quantitative  results.  While,  with 
Bradley  and  Lovejoy  and  de  Kowalski's  methods,  the  energy  in 
every  arc  must  be  lowered  to  the  least  possible  in  order  to  obtain 
an  economical  system,  the  method  of  Birkeland  offers  no  objec- 
tion to  employing  large  amounts  of  energy  in  the  disc  of  arcs. 
On  the  other  hand  experiments  have  proved  that  the  economical 
efficiency  increases  with  the  amount  of  energy  employed  at  the 
electrodes. 


Fig.  4. 


One  of  the  ovens,  which  is  still  in  operation,  has  consumed  from 
75  to  200  kilowatts  in  the  disc  of  arcs  between  one  single  pair 
of  electrodes,  and  lately  an  oven  with  a  disc  of  arcs  for  500  kilo- 
watts has  been  built.  The  200-kw  oven  has  been  fed  with  alter- 
nating current  of  50  cycles  frequency  and  5000  volts  pressure. 
From  this  will  easily  be  seen  that  the  amount  of  energy  employed, 
and  the  class  of  current  in  the  arc,  can  hardly  be  compared  with 
the  current  that  may  be  used  by  other  methods. 

In  spite  of  the  large  amount  of  current  the  electrodes  in  Birke- 
land's  oven  have  up  to  the  present  been  used  without  interruption 
for  several  hundred  hours.  Owing  to  the  fact  that  the  striking 
points  of  the  arc  move  along  the  electrodes,  the  destructive  in- 
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fluence  of  the  arc  is  inconsiderable.  The  electrodes  can,  for  this 
reason,  be  made  of  very  cheap  material,  such  as  copper  or  iron, 
and  have  such  dimensions  that  they  can  easily  be  cooled  by  means 
of  air  or  water,  keeping  their  temperature  within  reasonable  limits. 

The  oven  of  Birkeland  and  Eyde  is  consequently  a  very  simple, 
strong  and  easily  operated  piece  of  apparatus,  even  when  working 
with  a  large  amount  of  energy.  Electric  current  from  any  ordinary 
standard  machinery  can  be  used  for  its  operation. 

In  the  oven  of  Birkeland  and  Eyde,  which  was  built  about  a  year 
and  a  half  ago,  a  small  amount  of  energy  was  used  in  the  disc  of 
arcs  only  seven  to  ten  kilowatts.  The  efficiency  of  this  apparatus 
vv'as  at  first  only  400  kilogrammes  H^^Oj  per  kilowatt  and  year. 
The  next  ovens  were  constructed  for  an  increased  consumption  of 
energy  and  have  now  through  continual  improvements  reached  an 
efficiency  of  900  kilogrammes  HXO3  per  kilowatt  and  year.  The 
energy  referred  to  is  the  amount  of  energy  in  the  disc  of  arcs  itself. 

This  result  has,  of  course,  been  gained  after  numerous  difficulties 
and  with  many  obstacles  to  overcome.  I  will  not  enter  into  the 
details  of  this  work,  but  will  only  mention  some  of  the  factors  that 
have  been  considered  in  connection  with  the  improvement  of  the 
oven  as  follows: 

The  degree  of  moisture  in  the  impressed  air,  its  temperature,  its 
amount  of  ox3^gen,  its  amount  of  air  impressed  per  kw-hour, 
the  different  amounts  of  electric  current  used,  the  voltage  of  the 
electric  current,  the  frequency,  the  ovens  arranged  in  series  and 
parallel  electrically  as  well  as  with  regard  to  the  impressed  gases, 
the  strength  of  the  magnetic  field,  the  insulation  of  the  oven  to 
prevent  the  loss  of  heat,  the  introduction  of  various  contact  sub- 
stances. 

The  air  coming  from  the  oven  contains  about  2  or  3  per  cent  of 
nitric  oxide  (NO).  In  order  to  be  utilized  it  must  be  transformed 
into  nitrogen  peroxide  (NO,).  This  is  done  in  a  reaction  tank  of 
thin  sheet  iron  enamelled  on  its  inner  side. 

From  the  reaction  tank  the  gases  go  througli  an  exhauster  of 
clay,  where  they  come  into  contact  with  drips  of  thin  nitric  acid. 
From  here  the  gases  pass  on  llirough  the  absorption  system,  con- 
sisting of  four  towers  for  water  and  one  tower  for  a  solution  of 
caustic  soda.  In  each  tower  the  fluid  is  sent  through  the  tower 
several  times.  The  strongest  acid  runs  always  through  tower  No.  1, 
where  the  gases  first  pass,  the  next  strongest  through  tower  No.  2, 
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and  the  weakest  through  tower  No.  4.  When  the  desired  concen- 
tration is  reached  in  tower  No.  1  the  acid  is  removed.  The  acid 
from  tower  No.  2  is  then  put  into  No.  1,  from  tower  No.  3  into 
No.  2,  from  No.  4  into  No.  3.  Through  tower  No.  4  new  water 
is  passed.  The  process  thus  works  according  to  the  counter-cur- 
rent principle.  The  alkali  tower  contains,  as  previously  noted, 
a  solution  of  caustic  soda.  The  gases  from  No.  4  pass  through 
this  tower.  The  remainder  of  the  gases  is  absorbed  here,  and  a 
mixture  of  nitrate  and  nitrite  of  soda  is  formed.  From  this  pure 
nitrite  of  soda  is  manufactured. 

The  acid  taken  from  tower  No.  1  is  either  concentrated  by  use 
of  Valentiner  apparatus  and  shipped,  or  is  turned  into  nitrate  of 
calcium  or  nitrate  of  potassium  (potash). 

The  Birkeland  process  has  been  put  into  actual  operation,  and 
compounds  of  nitrogen  are  being  manufactured.  It  is  to  be  hoped 
that  the  process  will  prove  economical,  and  thus  one  of  the  greatest 
needs  of  the  present  time  —  cheap  nitrogen  in  bound  forms  — 
will  be  introduced  on  the  market. 

The  need  of  fertilizers  is  unlimited.  Some  years  ago,  when 
calcium-carbide  was  invented,  numerous  factories  were  built,  and 
a  great  boom  was  given  to  the  electrical  industry.  The  market, 
however,  proved  too  small,  and  the  enterprise  has  languished. 
This  can  never  occur  with  respect  to  the  nitrogen  industry,  as 
the  market  is  unlimited.  Thus,  if  the  industry  is  pushed  for- 
ward, the  electrical  industry  will  benefit  immensely.  Moreover, 
all  sources  of  energy  will  increase  in  value;  waterfalls,  situated  in 
uninhabited  parts  of  the  earth,  will  be  utilized,  and  great  central 
stations  in  cities  will,  in  many  cases,  obtain  a  profitable  load  now 
lacking.  The  immense  waterpowers  being  all  utilized,  power  will 
become  cheap,  which  again  will  benefit  industi-y  in  general. 

Thus,  if  the  process  proves  to  be  an  economical  success,  the 
entire  world  of  agriculture  and  industry  will  profit  —  and  the 
process  thereby  will  be  a  benefit  to  all  mankind. 

Discussion. 

Prof.  C.  F.  Burgess:  These  figui-es  give  900  kilograms  of  nitric  acid 
per  kilowatt  year,  making  it  appear,  therefore,  that  this  is  certainly  a 
very  valuable  process.  It  appears  that  the  efficiency  is  considerably  higher 
than  that  claimed  by  the  Niagara  Falls  process.  But  to  interpret  these 
figures  correctly,  the  strength  of  the  nitric  acid  should  be  given.  I  would 
like  to  hear  what  strength  of  nitric  acid  is  to  be  obtained  from  this 
process. 
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Mb.  EdstboM:  It  is  100  per  cent  nitric  acid.  One  maker  has  attained 
a  still  higher  efficiency,  !».50  kilograms  per  kilowatt-year,  but  I  have  given 
the  intermediate  figures. 

Pbofessob  Bubgess  :  if  tlie  900  kilogram.s  represent  100  per  cent  nitric 
acid,  that  would  mean,  at  the  present  market  prices,  something  like  $90 
worth  of  acid  for  one  kilowatt  year,  which  would  be  a  very  profitable 
process  if  the  power  is  the  chief  item  which  would  have  to  be  considered 
in  the  cost  of  operation. 

Mb.  Edstbom  :  Yes ;  but  of  course  there  would  be  many  losses  in  the 
process.  I  have  shown  the  amount  of  energj-  consumed,  and  all  the  other 
figures  are  based  on  that  consumption ;  but  there  is  a  loss  afterward,  by 
leakage  in  the  pipes,  or  in  the  coil. 

Pbofessor  Bcbgess  :     Then  tliis  figure  does  not  include  those  losses? 

Mb.  PvDSTrom  :      It  includes  the  energj'  in  the  arc  itself. 

Dr.  E.  F.  RoEBKU:  I  understand  your  arc  moves  in  a  plane.  You  light 
it  by  direct  current  and  use  a  magnetic  field,  produced  by  a  single  phase 
alternating  current,  for  deviating  the  arc.  If,  however,  you  excite  the  arc 
by  direct  current  and  use  a  revolving  magnetic  field  (such  as  produced 
by  the  primarj-  of  an  induction  motor)  to  divert  the  arc,  you  would 
cause  the  plane  in  which  the  arc  plays  to  revolve  itself;  you  will  no  longer 
have  a  disc  of  arcs,  but  rather  a  globe  of  arcs ;  this  means  that  a  greater 
quantity  of  air  would  be  acted  upon  by  the  arcs.  Possibly  this  might 
increase  the  efliciencv  of  the  process.  Did  you  make  any  experiments  in 
this  direction? 

Mb.  Edstbom  :  In  reply  to  Doctor  Roeber,  1  beg  to  say  that,  as  far 
as  I  know,  Professor  Birkeland  has  not  made  any  experiments  in  the  line 
indicated.  I  think  that  the  apparatus  built  on  this  principle  would,  how- 
ever, be  very  difficult  to  design  and  construct.  The  ovens  are  very  heavy, 
the  latest  one  built  weigliing  some  seven  tons.  However,  I  will  call  Pro- 
fessor Birkeland's  attention  to  the  new  idea  brought  forth  by  Doctor 
Roeber  and  thank  liim  for  the  suggestion. 

Tlie  following  paper  was  tlien  read  by  ttie  autlior,  who  resigned  the 
chair  to  Prof.  C.  F.  Burjie^is: 


THE  CHEMISTRY  OF  ELECTROPLATING. 


BY  PROF.   WILDER   1).   BANCROFT,   Cornell   University. 
Delegate    of    the    American    Electrochemical   Society. 


Although  some  results  have  been  obtained  by  Mylius,  Foerster, 
Griaser,  Burgess  and  others,  a  glance  at  the  recent  text-books  on 
electrochemistry  will  show  how  far  we  still  are  from  any  consistent 
theory  of  electroplating.  The  reason  for  this  is  to  be  found  in  our 
neglect  of  the  chemistry  involved.  The  electric  current  is  merely 
one  agent  for  bringing  about  certain  chemical  reactions;  but  this 
is  often  overlooked  and  many  of  us  consider  a  decomposition  by 
means  of  electricity  as  much  more  mysterious  tiian  a  decomposi- 
tion by  heat,  for  instance.  I  hope  to  show  that  a  study  of  chemical 
reactions  and  chemical  analogies  will  at  least  give  us  the  outlines 
of  a  theory  of  electroplating. 

When  we  speak  of  a  good  metallic  deposit  we  may  mean  good 
from  the  point  of  view  of  the  analyst,  the  refiner,  or  the  plater. 
The  analyst  must  have  a  deposit  of  pure  metal  in  a  weighable  form 
but  that  is  all.  The  refiner  must  have  a  coherent  deposit  of  pure 
metal,  except  in  the  case  of  silver.  ^^Teither  the  analyst  nor  the 
refiner  cares  about  the  smoothness  of  the  deposit,  so  long  as  no 
trees  are  formed.  The  plater  must  have  an  adherent  smooth  de- 
posit which  will  burnish  to  an  apparently  amorphous  surface.  In 
the  preliminary  discussion  we  will  rule  out  the  plater  and  will  call 
a  deposit  good  when  it  is  pure  and  coherent.  Afterwards  we  can 
consider  the  further  problem  of  the  production  of  a  very  fine- 
grained deposit.  Since  there  are  very  few  data  for  anything  except 
aqueous  solutions,  we  will  consider  these  only,  though  the  general 
principles  are  equally  applicable  to  all  solvents. 

^\'^len  working  with  moderate  current  densities  a  bad  deposit  is 
practically  alwa^'s  due  to  the  precipitation  of  a  non-metallic  solid 
with  the  metal.  When  one  of  the  single  salts  in  the  bath  is 
sparingly  solul)le.  as  with  the  cyanides,  this  salt  may  precipitate. 
In  most  cases,  however,  the  trouble  is  due  to  the  presence  in  the 
deposit  of  oxygen  either  as  oxide,  hydroxide  or  basic  salt.    Whatever 
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will  dissolve  the  salt  readilv  under  the  conditions  ol'  the  experiment 
will  prevent  its  deposition,  by  definition,  and  should  therefore  im- 
prove the  quality  of  the  deposit.  This  has  been  recognized  for 
zinc  by  Mylius  and  Fromm^  and  by  Foerster  and  Gunther.^  It 
has  been  put  in  a  more  general  form  by  Glaser.^ 

I  have  made  a  list  of  the  more  important  additions  recommended 
in  the  refining,  analysis,  or  plating  of  zinc,  nickel,  lead,  tin,  copper 
and  silver.    These  are  given  in  Table  I. 


Zinc 
Sulphuric  acid 
Potash 

Ammonium  chloride 
Ammonium  sulphate 
Aluminum  sulphate 
Potassium  cyanide 
Acid  potassium  oxalate. 

Nickel 
Sulphuric  acid 
Ammonia 
Ammonium  salts 
Potassium  cyanide 
Sodium  hiearbonate 
Sodium  bisulphite 

Lead 
Acetic  acid 
Potash 

Fluosilicic  acid 
Sodium  nitrate 


TABLE  I, 

Tin 
Sulphuric  acid 
Potash 

Sodium  pyrophosphate 
Potassium  carbonate 
Acid  potassium  tartrate 
Potassium  cyanide 

Copper 
Sulphuric  acid 
Ammonia 
Alkaline  tartrate 
Ammonium  oxalate 
Potassium  cyanide 
Sodium  bisulphite 

Silver 
Nitric  acid 
Ammonia 
Potassium  cyanide 
Potassium  iodide 


All  the  substances  under  zinc  dissolve  zinc  hydroxide.  The  first 
four  under  nickel  dissolve  nickel  hydroxide ;  the  sodium  bicarbonate 
probably  serves  to  keep  the  acidity  constant ;  while  the  sodium  bisul- 
phite occurs  onlv  in  solutions  containing  free  ammonia.  All  tho 
substances   under   lead    dissolve   lead    hydroxide.      Stannous    and 

1.  Zeit.  Anorg.  Chem.  9.   144    (1895). 

2.  Zeit.  Elekirochemie.  5.  16   (1898);   6,  301    (1899). 

3.  Tbid.  7,  365.  381    (1900). 
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stannic  acids  are  soluble  in  sulphuric  acid,  in  potash,  and  in  a 
so-called  sodium  pyropliosjihate  solution;  potassium  carbonate  13 
added  only  to  neutralize  an  e\'ccss  of  free  acid  in  stannous  chlorido 
solutions;  while  the  cyanide  and  tartrate  seem  to  be  of  very  little 
value,  unless  perhaps  at  the  anode.  Under  copper  everything  dis- 
solves tlie  hydroxide  except  sodium  bisulphite  and  this  is  added  to 
cyanide  solutions  to  i:)revcnt  loss  of  cyanogen  when  the  copper 
changes  from  the  cupric  to  the  cuprous  form.  All  four  substances 
under  silver- dissolve  freshly-precipitated  oxide;  in  addition  am- 
monia dissolves  silver  chloride  while  silver  cyanide  and  silver  iodide 
are  soluble  in  potassium  cyanide  and  potassium  iodide  respectively. 

It  is  thus  clear  that  there  is  a  simple  rational  basis  for  many  of 
the  solutions  in  actual  use.  It  must  be  kept  in  mind,  however,  that 
the  rate  of  solution  is  more  important  than  the  actual  solubility. 
Thus  it  is  not  easy  to  get  a  good  deposit  from  an  all\:aline  zincate 
solution  at  20°  whereas  it  is  a  comparatively  simple  thing  to  do  this 
at  40°  because  the  caustic  soda  reacts  with  zinc  oxide  or  hydroxide 
much  more  rapidly  at  this  temperature.  It  does  not  follow  from 
this  that  a  higher  temperature  would  necessarily  be  even  better. 
At  90°  the  action  of  caustic  soda  on  metallic  zinc  becomes  an  im- 
portant factor.  With  copper  sulphate  solutions  rise  of  temperature 
means  increased  formation  of  cuprous  sulphate  and  this  must  be 
taken  into  account.  In  each  of  these  cases  a  study  of  the  chemical 
reactions  shows  the  cause  of  the  difficulty. 

While  there  is  much  evidence  in  favor  of  Glaser's  first  generaliza- 
tion, that  a  metallic  deposit  is  improved  by  adding  to  the  solution 
substances  which  will  dissolve  the  oxide,  hydroxide  or  basic  salt, 
there  are  only  a  few  scattered  experiments  wliich  can  be  cited  in 
favor  of  Glaser's  second  generalization  that  reducing  agents  im- 
prove the  quality  of  the  deposit.  Glaser*  observed  that  addition  of 
pyrogallo!  or  hydroquinone  to  a  lead  bath  improved  the  deposit  of 
electrolytic  lead.  Engels^  states  that  the  addition  of  hydroxylamine 
makes  it  possible  to  use  higher  current  densities  in  the  analysis  cf 
copper.  It  is  believed  that  tin  salts  in  solution  improve  the  quah'ty 
of  a  copper  deposit*'  and  it  is  known  that  ferrous  salts  are  not  dis- 
advantageous. Good  deposits  of  many  metals  are  obtained  from 
cyanide  solutions  and  part  of  the  effect,  though  certainly  not  the 

4.  Zeit.  Elektrochemie,  7  381  (1900).  Of.,  Elba  and  Rixon.  Ibid.  9, 
267    (1903). 

5.  Smith.      ''  Electrochemical  Analysis,"  62. 
6-  Borchers.      "  Eleltrometallurgie,"   193. 
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whole  of  it,  may  be  due  to  the  fact  that  potassium  cyanide  i?  a 
reducing  agent.  It  is  also  possible  that  the  merits  of  a  tartrate 
solution  may  be  due  in  part  to  the  formation  of  reducing  agents  by 
oxidation  at  the  anode/  In  some  experiments  made  at  Cornell  w-- 
have  found  that  hydrazine  improves  the  elcctrodeposition  of  cobalt 
and  that  resorcine  has  a  slight  favorable  tlTect  Avitli  zinc  but  ap- 
parently not  with  tin.  The  negative  result  in  this  last  case  may  be 
due  to  the  reducing  }X)wer  of  the  tin  solutions.  These  instances 
will  suffice  to  show  that  we  do  not  yet  know  dermitely  how  much 
influence  a  reducing  agent  has  or  how  it  varies  with  varying  condi- 
tions. Since  none  of  the  reducing  agents  in  question  will  reduce 
the  oxide  to  metal,  it  seems  very  probable  that  the  eifect  of  the  re- 
ducing agent  may  merely  be  to  prevent  oxidation  by  dissolved 
ox3'gen.  If  so,  the  effect  should  disappear  in  a  vacuum  or  in  an 
atmosphere  of  nitrogen.  It  has  not  yet  been  possible  to  tr)^  this 
experiment. 

We  have  next  to  consider  the  effect  of  higher  current  densities. 
When  solutions  are  not  stirred  we  soon  reach  a  j)oint  at  which  an 
ever-increasing  current  density  causes  a  bad  deposit.  This  change 
in  the  quality  of  the  deposit  is  always  accompanied  by  an  increased 
evolution  of  hydrogen  and  it  is  usually  believed  that  the  evolution 
of  the  hydrogen  is  the  cause  of  the  deposit  going  bad.  This  cannot 
be  the  whole  truth  because  hydrogen  is  evolved  freely  during  elec- 
trolytic analyses  and  yet  the  deposit  remains  good.  Further,  the 
so-called  critical  current  density  varies  enormously  with  the  size, 
shape  and  distance  apart  of  the  electrodes,  and  also  with  the  size 
and  shape  of  the  containing  vessel,  so  that  the  data  obtained  by  any 
one  man  usually  cannot  be  duplicated  by  others.  The  most  im- 
portant factor  is  the  rate  of  stirring.  If  we  rotate  a  smooth  copper, 
zinc  or  nickel  cathode  with  sufficient  speed  it  is  by  no  means  cer- 
tain that  there  is  any  current  density  at  which  the  deposit  goes 
bad.  With  tin  there  does  seem  to  be  a  limiting  density  but  this  is 
very  possibly  due  to  the  formation  of  stannic  salts  in  solution.  It 
is  intended  to  study  this  question  in  detail. 

When  a  deposit  becomes  sandy  or  changes  to  a  black  ])owder,  the 
polarization  shows  that  there  has  always  been  tlie  formation  of  a 
dilute  solution  at  the  cathode.  In  most  cases  this  leads  to  the  pre- 
cipitation of  an  oxide  or  basic  salt  with  the  usual  disastrous  results. 

7.  I.iitlior.  Zcit.  Flektrochemie,  S,  C47  (1902);  Schilow.  Zeit.  Phys. 
Chem.  42.  646    (1903). 
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It  is  still  an  open  question  wlictlier  this  is  always  the  ease.  Foerster 
and  SeideP  say  that  sandy  deposits  of  copper  are  not  due  to  the 
presence  of  oxide.  If  this  statement  is  correct,  we  shall  he  forced 
to  the  assumption  that  the  hadness  of  the  deposit  is  due  to  the 
pulsating  or  intermittent  precipitation  of  hydrogen  as  a  result  of 
the  intermittent  formation  of  a  surface  film  impoverished  as  to 
metal.  This  explanation  does  not  apjjeal  to  me  personally  and  I 
prefer  to  believe  for  the  present  in  the  oxide  formation  even  if  I 
have  to  account  for  the  apparent  absence  of  hydrogen  by  assuming 
a  reduction  to  metal  after  the  harm  has  been  done. 

Hydrogen  may  easily  be  indirectly  the  cause  of  a  bad  deposit.  If 
hydrogen  adheres  as  bubbles  to  the  cathode,  the  deposition  of  the 
metal  will  become  uneven  and  we  shall  have  conditions  favorable 
for  treeing.  A  trouble  of  this  sort  can  be  cured  chemically  by  add- 
ing an  oxidizing  agent  to  remove  the  hydrogen.  It  is  known  that 
copper  solutions  containing  nitric  acid  will  stand  much  higher  cur- 
rent densities  than  will  those  acidified  with  suljihuric  acid.  It  is 
clear  that  the  prevention  of  hydrogen  by  means  of  an  oxidizing 
agent  may  lead  to  the  oxidation  of  the  metal  in  which  case  we  are 
out  of  the  frying-pan  into  the  firo.  Foerster  and  Gunther"  had 
diflficulties  with  hydrogen  bubbles  during  the  precipitation  of  zinc. 
They  show  that  such  oxidizing  agents  as  chlorine  and  ammonium 
])ersu]phate  prevent  the  appearance  of  hydrogen  without  causing  the 
formation  of  zinc  oxide.  Such  oxidizing  agents  as  hydrogen  perox- 
ide and  ammonium  nitrate  prevent  hydrogen  evolution  but  were 
worthless  because  they  oxidized  the  zinc. 

An  oxidizing  agent  could  probably  bo  used  to  prevent  occlusion  of 
liydrogen  by  nickel,  for  instance.  It  is  quite  likely  that  the  dis- 
advantages would  outweigh  the  advantages.  In  that  case  it  would 
be  better  to  approximate  the  same  result  by  varying  other  conditions. 
The  favorable  conditions  would  be :  a  concentrated  solution  to 
ensure  a  good  deposit;  a  high  temperature  to  lower  the  obsorption 
coefficient;  a  nearly  neutral  solution  to  increase  the  decomposition 
voltage  of  hydrogen ;  and  a  high  current  density  to  give  a  fine- 
grained metal.  For  any  given  rate  of  stirring  we  should  expect  a 
limiting  current  density  be^-ond  which  deterioration  would  occur. 
With  increasing  current  density  we  get  a  finer  deposit  but  there  is 
also  an  increasing  tendencv  to  precipitate  hydrogen  and  it  is  neces- 
sary to  strike  a  balance  between  these  two'.     All  these  conditions 

8.  Zeit.  Avorg.  Chem.  IJ,,  12.5   (1897). 

9.  Zeit.  Elektrochemie,  5,  22   (1898). 
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have  been  found  experimentally  for  nickel  by  D.  II.  Browne^"  with 
the  one  exception  that  he  finds  a  large  addition  of  sodium  chloride 
advantageous.^^    The  reason  for  this  is  not  clear. 

Having  considered  the  conditions  for  getting  a  good  deposit  from 
the  refiner's  point  of  view,  we  can  now  take  up  the  question  from 
the  point  of  view  of  the  plater.  The  problem  is  now  as  to  the 
conditions  under  which  the  deposit  is  composed  of  very  small, 
microscopic  crystals. 

When  we  precipitate  a  salt  by  chemical  means  we  get  larger 
crystals,  the  slower  the  precipitation  and  the  higher  the  tempera- 
ture. We  should  therefore  expect  that  an  electrolytic  deposit  will 
be  coarser  the  lower  the  current  density  and  the  higher  the  tempera- 
ture, provided  all  other  conditions  are  held  constant.  The  conclu- 
sion as  to  the  current  density  is  confirmed  by  all  experiments.  The 
case  of  the  temperature  change  is  a  little  more  complicated  because 
we  may  have  hydrolysis  and  increasing  acidity  or  alkalinity;  we 
may  have  increased  solvent  action ;  and  we  may  have  a  displacement 
of  equilibrium  as  with  copper  sulphate.  The  effects  due  to  these 
changes  will  of  course  superimpose  themselves  on  the  pure  tempera- 
ture effect  and  mask  or  even  reverse  it.  In  some  experiments  made 
in  my  laboratory  Mr.  Snowdon  found  that  the  deposit  from  an 
acidified  copper  sulphate  solution  became  coarser  as  the  tempera- 
ture was  raised  from  20°  to  40°  and  to  70°C.  A  similar  result  was 
obtained  with  a  strongly  acid  zinc  sulphate  solution  and  with  a  lead 
bath.  With  nickel  ammonium  sulphate  solution  the  effect  of  tem- 
perature on  the  crystalline  structure  of  the  deposit  was  too  small 
to  be  detected.  With  a  zinc  sulphate  solution  which  was  only 
slightly  acid,  the  deposit  was  more  finely-grained  at  40°  than  at 
70° ;  but  the  deposit  at  20°  was  coarser  than  either  of  the  othei-s. 
T  suspect  that  at  20°  the  slight  acidity  had  no  appreciable  effect  on 
the  deposit  while  it  became  an  important  factor  at  40°.  This 
hypothesis  is  confirmed  l)y  the  other  experiment  in  which  a  more 
acid  solution  behaved  normally. 

For  a  given  current  density,  temperature  and  salt  solution,  we 
should  expect  a  coarser-grained  deposit  the  more  concentrated  the 
solution.  This  has  been  found  to  be  the  case  in  experiments  with 
zinc  sulphate  and  sodium  zincate  solutions.  Since  the  potential 
difference  between  the  metal  and  the  solution  is  less  the  more  eon- 

10.  Elccfrnchemical  Industry.  1,  348(1003). 

11.  Cf.  Pfanhauser,  Zeit.  Eiektrochcmie,  8,  594  (1902). 
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centrated  the  solution,  it  seems  probable  that  this  is  an  important 
factor  when  we  change  from  one  solution  to.  another.  Other  condi- 
tions being  the  same  Ave  shall  get  the  smallest  crystals,  the  greater 
the  potential  difference  between  the  metal  and  the  solution.  This 
is  the  recognized  explanation  for  the  excellent  character  of  the 
deposits  from  cyanide  solutions. 

A  natural  corollary  from  this  last  is  that  the  deposit  will  be  more 
finely  crystalline,  the  greater  the  solvent  action  of  the  solution. 
This  accounts  for  the  small  crystals  that  are  obtained  from  an  acid 
copper  sulphate  solution  or  from  one  containing  nitric  acid.  This 
conclusion  of  course  holds  only  within  the  limits  for  which  we  get 
a  good  deposit.  The  converse  of  this  would  be  that  reducing  agents 
should  increase  the  size  of  the  crystals.  Mr.  Snowdon  has  found 
that  addition  of  formaldehyde  to  a  copper  or  a  zinc  solution  does 
make  the  deposited  metal  more  coarsely  crystalline.  Resorcine  has 
a  similar  effect  with  zinc.  It  will  be  difficult  to  get  conclusive  evi- 
dence on  this  point  because  many  reducing  agents  form  complex 
salts  and  the  effect  due  to  this  may  easily  overbalance  the  other. 
If  the  reducing  agent  acts  only  to  remove  dissolved  gases,  its  effect 
on  the  size  of  the  crystals  woul'd  probably  be  negligible. 

The  addition  of  glue  or  similar  substances  to  a  solution  tends  to 
make  precipitates  come  down  in  a  colloidal  form.  Following  out 
this  analogy  we  should  expect  to  find  that  addition  of  glue  or  simi- 
lar substances  to  an  electrolytic  bath  would  decrease  the  size  of  the 
metal  crystals,  the  limiting  concentration  being  that  at  which  the 
added  substance  causes  a  bad  deposit  owing  to  its  chemical  prop- 
erties. It  is  known  that  the  success  of  the  Betts  process  for  refining 
lead  is  due  in  part  to  the  action  of  glue  in  preventing  trees.  We 
have  found  that  the  addition  of  ton  grams  of  glue  per  liter  of  acidi- 
fied copper  sulphate  solution  improves  the  quality  of  the  deposit 
from  the  plater's  point  of  view. 

One  final  point  is  of  importance  to  the  plater,  the  adhesion  of  the 
deposit.  It  has  been  suggested  that  an  adherent  plating  deposit 
can  be  obtained  only  when  the  two  metals  can  combine  to  form 
compounds  or  solid  solutions.^^  This  has  also  been  denied. ^^  While 
I  have  not  yet  made  any  experiments  myself,  I  feel  certain  that 
Burgess  is  right  and  that  this  is  purely  a  question  of  chemistry. 
The  surface  between  two  metals  is  a  thin  weld  and  it  must  show  the 

12.  Kahlenberg.     Electrochemical  Industry,   i,  201   (1903). 

13.  Burgess.     Ibid.  204. 

Vol.  II  — 3 


34  BANCROFT:     CHEJJISTRY  OF  ELECTROPLATING. 

same  strength  no  matter  how  it  has  been  made.  In  other  words 
the  adhesion  of  an  ideally-made  electrolytic  deposit  will  approach 
that  of  a  casting  having  the  same  size  of  crystals.  Presence  of 
grease,  of  air-bubbles,  or  of  occluded  mother  liquor  will  impair  the 
contact  and  weaken  the  joint.  If  the  metal  be  deposited  in  a  state 
of  strain,  the  break  will  come  at  the  weakest  point.  These  are 
matters  of  general  knowledge  in  making  welds  or  castings  and  they 
are  just  as  much  first  principles  in  electrolytic  work.  'No  one  seems 
to  have  been  struck  by  the  absurdity  of  the  statement,  to  be  found 
in  most  books  on  plating,  that  nickel  cannot  be  plated  on  nickel 
because  it  will  not  adhere.  If  this  were  true  it  would  not  be  pos- 
sible to  deposit  more  than  an  infinitesimally  thin  film  of  nickel 
electrolytically.  WHiile  it  requires  a  higher  voltage  to  deposit 
nickel  than  copper,  nickel  does  not  precipitate  copper  to  any  appre- 
ciable extent  when  immersed  in  a  copper  sulphate  solution.  The 
nickel  becomes  passive  and  is  probably  covered  with  a  thin  film  of 
oxide.  What  people  mean  is  that  an  "  active  "  nickel  containing 
hydrogen  will  not  adhere  to  a  "  passive  "'  nickel.  There  is  nothing 
surprising  or  mysterious  about  this. 

The  alleged  rusting  of  iron,  when  plated  with  nickel  in  a  chloride 
instead  of  a  sulphate  solution,  if  really  true,  is  purely  a  chemical 
phenomenon  and  rests  on  the  different  behavior  of  occluded  chloride 
and  sulphate  solutions.  If  the  distinction  is  a  real  one,  special 
experiments  would  soon  show  whether  the  freedom  from  rust  in 
sulphate  solutions  is  due  to  the  iron  becoming  passive  or  to  the 
formation  of  an  insoluble  basic  salt. 

The  general  results  of  this  paper  are : 

1.  A  bad  deposit  is  always  due  to  the  precipitation  with  the 
metal  of  some  salt  or  non-metal. 

2.  Addition  to  the  solution  of  anything  which  will  dissolve  this 
salt  or  non-metal  will  tend  to  prevent  its  precipitation  and  to  im- 
prove the  quality  of  the  deposit. 

3.  Any  beneficial  action  of  a  reducing  agent  is  probably  due  to 
the  removal  from  the  solution  of  dissolved  oxygen. 

4.  A  fine-grained  deposit  is  favored  by  high  current  density  and 
potential  difference,  by  acidity  and  alkalinity,  liy  low  temperature, 
and  by  colloids. 

5.  Solutions  containing  oxidizing  agents  appear  to  yield  small 
crystals  while  larger  crystals  are  obtained  from  solutions  containing 
reducing  agents. 
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6.  The  adherence  of  deposits  rests  on  the  adhesion  of  the  two 
metals. 

The  discussion  has  been  incomplete.  The  formation  of  "  trees  '' 
has  only  been  touched  upon  and  the  question  of  "  bright "  deposits 
has  not  been  raised.  All  of  the  generalizations  rest  on  insufficient 
evidence.  On  the  other  hand,  the  consideration  of  the  chemistry 
of  electroplating  has  given  us  a  working  hypothesis  which  can  be 
tested  experimentally. 

Discussion. 

Mr.  Edward  F.  Kerns  presented  the  following  communication  on  the 
subject  from  Prof.  Anson  G.  Betts: 

Professor  Bancroft's  paper,  in  my  opinion,  does  not  bring  u^  any  nearer 
a  solution  of  the  important  question  raised.  It  seems  to  me  that  there 
can  be  no  scientific  question  concerning  which  it  is  more  unsafe  to  build 
up  theories  without  experimental  verification  of  the  data  available.  The 
reason  for  this  is  that  experimental  results  and  hypotheses  are  so 
conflicting. 

I  am  not  familiar  with  most  of  the  references  Professor  Bancroft  cites, 
but  have  repeated  all  the  experiments  in  the  articles  by  L.  Glaser,  which 
are  referred  to,  and  a  great  many  others  beside,  in  lead  deposition.  I 
have  been  entirely  unable  to  verify  this,  author's  result  claimed  of  a  solid 
lead  deposit. 

I  will  give  a  few  quotations  from  these  articles,  and  think  if  Professor 
Bancroft  had  studied  them  he  would  not  have  based  any  theories  on  them. 

"A  solution  of  40  grams  of  nitrate  of  lead  and  10  grams  NaNOs  in  100 
cu  cm  H2O  was  treated  under  boiling  with  freshly  precipitated  hydroxide 
of  lead.  The  solution,  filtered  while  hot,  still  showed  a  slightly  acid 
reaction.  When  cooling  off,  a  part  of  the  lead  is  again  deposited  as  basic 
salt.  A  plain  sponge  formation  is  at  once  produced  on  the  cathode.  It  is 
thus  proven  that  the  solution  has  lost  its  property  of  depositing  solid  lead 
through  treatment  with  hydrate." 

Also  he  says,  speaking  of  the  first  experiment  he  describes: 

After  the  cathode  lead  had  become  about  2  mm  thick,  the  plate  was 
taken  out  and  it  was  found  that  especially  the  upper  part  of  the  plate  did 
not  consist  of  pure  lead,  but  was  intermixed  icith  oxide  although  it  ivas 
not  yet  possible  to  recognize  a  sponge  formation." 

His  experiment  4  repeated  with  a  current  density  of  .6  ampere  per  sq.  dm, 
gave  a  deposit  consisting  of  a  loose  mass  of  crystals.  In  fact  the  deposits 
obtained  by  repeating  these  three  experiments  were  practically  the  same 
in  crystallization,  the  intermixed  hydroxide  exerting  little  or  no  influence 
on   the  structure  of  the  lead    crystals. 

In  repeating  Glaser's  experiments  with  the  addition  of  ammoniiim  per- 
sulphate to  the  electrolyte,  which  he  recommends,  I  foiihd  that  lead 
sulphate  was  formed  on  the  cathodes,  by  the  reaction  between  persulphuric 
acid  and  metallic  lead.  The  Avhite  lead  sulphate  could  be  seen  all  through 
the  deposit,  but  there  was  no  difference  in  structure  to  be  observed  from 
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thai  obtained  from  the  same  solutions  witliout  the  addition  of  the 
persulphate. 

Professor  Bancroft  refers  to  "  Glaser's  second  generalization  that  reduc- 
ing agents  improves  the  quality  of  the  depo^iit."  There  is  no  such  general- 
ization to  be  found  in  these  articles.  The  statement  to  which  Professor 
Bancroft  refers  is  probably  the  following: 

"  The  addition  of  stutls  which  can  dissolve  tiie  basic  salts,  such  as 
persulphate  of  ammonium  in  small  quantities,  likewise  the  development  of 
hypochlorous  acid  in  the  bath,  greatly  increase  the  solidity  of  the  precipi- 
tation. Additions  of  pyrogallol,  hydrochinoU;  etc.,  have  the  same  action." 
As  persulpliate  of  ammonium  and  hypochlorous  acid  are  oxidizing  agents, 
and  hydrociiinon  and  pyrogallol  are  reducing  agents,  it  is  difficult  for  me 
to  see  the  derivation  of  the  generalization. 

Some  of   the  general   results   of   Professor   Bancroft's   paper   are: 

1.  '"A  bad  deposit  is  always  due  to  the  precipitation  with  the  metal  of 
eome  salt  or  nonmetal." 

a).  We  have  seen  that  the  codeposition  of  lead  hj'drate  and  lead  sulphate 
does  not  materially  affect  the  character  of  a  lead  deposit,  at  least  under 
some  conditions,  which  are  common  enough. 

6).  Traces  of  cadmium  added  to  a  zinc  sulphate  solution  cause  a  deposit 
of  zinc  which  is  perfectly  solid  and  dense  to  immediately  become  spongy. 
Also  lead  electrolytes  which  contain  considerable  antimony  and  arsenic 
give  a  slimy  deposit.  In  these  cases  we  have  the  coprecipitation  of  neither 
a  salt  nor  a  nonmetal,  but  a  foreign  metal.  The  actual  facts  seem  to  me 
to  be  that  tlio  codeposition  of  some  salt  or  nonmetal  is  detrimental  merely 
to  the  extent  that  the  foreign  material  occupies  space  that  should  be  filled 
with  metal,  in  order  to  get  a  solid  deposit,  but  that  the  deposition  of 
foreign  metal  particles,  which  will  not  alloy  with  the  principal  metal,  at 
the  moment  of  formation,  is  a  very  serious  matter. 

Result  2  is  Result  1  stated  conversely. 

4.  "A  fine-grained  deposit  is  favored  by  high  curve  density  and  potential 
difference,  by  acidity  and  alkalinity,  by  low  temperatures  and  by  colloids." 

It  was  always  my  opinion  that  a  low  current-density  rather  favors  a 
fine-grained  deposit,  and  in  the  absence  of  any  experimental  data  to  prove 
the  contrary,  I  do  not  see  any  reason  why  I  am  not  as  apt  to  be  right  as 
Professor  Bancroft.  With  regard  to  temperature,  it  has  been  stated  that 
with  nickel  at  least  a  temperature  of  70  deg.  C.  is  better  than  a  lower 
temperature.  It  may  be  that  colloids  are  iiseful  in  improving  the  texture 
of  a  deposit,  but  I  have  made  some  attempts  to  get  solid  deposits  with 
this  means  and  been  unable  to. 

5.  "  iSolutions  containing  oxidizing  agents  appear  to  yield  small  crystals, 
while  large  crystals  are  obtained  from  .solutions  containing  reducing 
agents."  From  a  lead  fluosilicate  solution  at  least,  in  the  absence  of  reduc- 
ing agents,  splendid  large  cry.stals  are  obtained,  while  with  the  addition 
of  gelatine  to  the  solution,  the  deposit  is  perfectly  solid  and  noncrystalline. 

I  should  like  to  suggest  a  few  ideas  on  this  subject.  We  can  recognize 
two  distinct  causes  for  the  failure  of  an  electro-deposit.  A  deposit  may 
either  fail  from  being  slimy,  grading  off  into  being  soft,  unsound  and 
weak.     I  believe  this  is  due  to  the  codeposition  of  foreign  conducting  par- 
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tides,  in  general  caused  by  the  presence  in  the  solution  of  a  small  quantity 
of  some  metal  of  less  chemical  atlinity  than  tlie  metal  being  deposited. 
The  foreign  metal  is  precipitated  in  the  minutest  particles  all  over  the 
surface,  and  if  it  comes  down  in  too  large  quantity,  or  its  affinity  for  the 
main  metal  is  so  weak  that  it  is  not  immediately  absorbed  into  an  alloy, 
the  same  phenomenon  takes  place  on  an  atomic  scale  that  takes  place 
on  a  visual  scale  when  copper,  for  example,  is  being  deposited  and  particles 
of  slime  are  floating  in  the  electrolyte.  A  particle  of  anode  slime  attaches 
itself  to  the  cathode  and  very  soon  causes  the  formation  of  an  insecurely 
attached  lump  of  solid  metal.  The  lumps  are  usually  very  easily  Icnocked 
ofi  and  a  particle  of  slime  is  almost  invariably  found  underneath.  A  slimy 
metal  must  consist  of  such  lumps  on  an  infinitesimal  scale. 

The  other  cause  of  failure  is  the  growth  of  a  deposit  toward  the  anode; 
the  more  elevated  a  particular  point  is  from  the  cathode  surface,  the 
more  rapid  its  growth. 


Consider  a  rough  electrodeposit  as  shown  in  section  in  the  sketch.  From 
the  deposition  of  metal  the  solution  near  the  cathode  is  lower  in  metal  per- 
centage than  the  main  mass  of  the  electrolyte,  as  is  shown  by  the  rising 
column  of  electrolyte  at  the  cathode.  In  the  cavities  of  the  deposit  this 
change  of  concentration  has  gone  farther  than  on  the  point  of  a  pro- 
jection. We  have  in  fact  here  a  concentration  cell,  of  which  these  two 
points  are  the  electrodes  and  the  cavity  is  immersed  in  a  weaker  solution 
than  the  projection.  If  there  is  no  e.m.f.  of  this  concentration  cell,  the 
deposit  will  grow  equally,  and  the  projections  and  cavities  will  be  graudu- 
ally  smoothed  out.  If  the  concentration  e.m.f.  is  in  the  usuiil  direction, 
that  is,  the  metal  has  a  higher  e.m.f.  of  solution  in  the  weaker  solution, 
metal  will  deposit  faster  on  a  projection  than  it  will  in  a  cavity,  and  we 
will  have  a  "  tree."  If  the  e.m.f.  is  in  the  other  direction,  deposition  will 
proceed  faster  in  a  cavity  than  on  a  projection,  and  the  deposit  will  actu- 
ally grow  smooth,  or  if  started  on  a  smooth  surface  will  remain  absolutely 
smooth,  and  ^\  ill  have  a  polisli.  This  result  is  rarely  reached  in  practice, 
and  the  best  we  can  usually  do  is  to  find  a  solution  in  which  the  e.m.f  of 
the  concentration  cell   is  practically  zero. 

In  depositing  antimony  from  a  solution  of  antimony  trichloride,  in  which 
ferric  cliloride  was  continually  generated  in  small  quantities,  1  obtained 
a  deposit  that  was  as  smooth  and  shiny  as  glass.  In  this  case  the 
ferric  chloride  in  the  solution  performed  the  function  of  continually 
cutting  oft'  projections  as  fast  as  started.  By  the  time  the  iron  salt  had 
reached  an  incipient  cavity,  it  had  passed  and  already  reacted  witli  the 
antimony  of  a  neighboring  projection,  so  that  the  rate  M  reaction  was 
less  the  less  the  particular  point  was  in  the  current  of  solution.  The 
amoimt  of  ferric  chloride  iised  was  from  one-tenth  to  one-fifth  the  amount 
necessary  to  redissolve  all  the  antimony  (leiiosited. 

Dissolved   oxygen   in    a    bath   ^^ould.    no   doubt,   liave   the   same   function 
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were  it  not  tor  tlie  fact  that  the  reaction  between  oxygen,  an  acid  and 
a  metal   is  infinitely  slower  than  between  ferric  chloride  and  antimony. 

In  depositing  silver  from  a  nitrate  solution,  the  deposit  consists  of  more 
or  less  loose  crystals,  and  projections  are  formed.  From  the  cyanide  solu- 
tion the  deposit  is  dense  and  solid.  The  reason  appears  to  be  that  with 
the  cyanide  solution  the  e.m.f.  of  the  minute  concentration  cells  that  must 
exist  at  the  cathode  is  much  smaller  than  with  the  nitrate  solution. 

In  an  acid  copper-sulphate  electrolyte  we  have  present  both  cupric 
sulphate  and  cuprous  sulphate.  It  is  probable  that  in  the  cavities  of  the 
deposit  more  cuprous  sulphate  is  present  than  near  the  projections,  and 
it  is  also  probable  that  the  e.m.f.  of  solution  of  copper  is  less  the  more 
cuprous  sulphate  there  is  in  the  solution,  which  would  account  for  the 
lower  e.m.f.  of  the  concentration  cells  and  the  solidity  of  the  deposit. 

In  a  lead  fiuosilicate  electrolyte  we  have  no  monovalent  lead  ions  corre- 
sponding to  the  cuprous  ions  of  the  copper  sulphate  solution. 

I  electrolyzed  lead  fiuosilicate  solutions  with  lead  electrodes,  with  porous 
partitions  to  separate  the  anode  and  cathode  compartments,  so  that  I  had 
a  concentration  cell,  after  some  hours  electrolysis,  of  which  I  could  measure 
the  e.m.f.  The  work  was  not  done  accuratelj',  as  I  had  no  facilities  for 
very  delicate  work,  but  I  foimd  in  general  that  with  gelatine  present  in 
the  solution  the  e.m.f.  of  the  concentration  cells  was  from  one-third  to 
one-half  as  great  as  when  no  gelatine  was  present. 

The  same  experiment  repeated  with  the  silver  nitrate  solution  and 
silver  cyanide  solution,  run  in  the  same  circuit,  would  be  interesting.  I 
should  suggest  that  before  reading  the  e.m.f.  the  current  should  be  reversed 
for  a  very  short  time,  so  that  electro-deposited  metal  will  be  present  on 
both  anode  and  catliode,  so  that  the  difference  of  e.m.f.  of  solution  between 
cast  metal  and  electro-deposited  metal  need  not  be  considered. 

In  the  dissolution  of  an  anode  we  have  the  exact  reverse  of  the  con- 
ditions at  the  cathode.  A  solution  which  will  give  projections  at  the 
cathode,  ought  for  the  same  reason  to  give  pits  in  the  anode.  In  the  dis- 
solution of  a  lead  anode  in  a  fiuosilicate  solution  1  have  noticed  that  with 
gelatine  present  the  surface  of  the  lead  underneath  the  anode  slime 
remains  much  smoother  than  in  the  absence  of  gelatine.  This  fact  would 
seem  to  prove  that  the  cause  of  projections  at  a  cathode  is  not  to  be 
sought  in  the  chemical  composition  of  the  deposit,  but  in  the  physios  of 
the  solution. 

With  regard  to  the  question  raised  by  Professor  Bancroft,  whether  a  high 
or  low  current-density  favors  a  fine-grained  deposit,  it  would  seem  that 
if,  with  increasing  current-density,  the  e.m.f.  of  the  concentration  cells 
increased  more  rapidly  in  proportion,  then  a  low  current-density  would 
give  a  better  deposit,  while  if  this  e.m.f.  increases  in  less  proportion  a  high 
current-density  would  be  more  favoraole. 

I  hope  that  we  can  have  some  more  experiments  along  these  lines. 

Prof.  Louis  Kahlenbkrg:  Where  so  many  factors  enter  into  a  question 
as  in  this  case,  it  is  difficult  to  arrive  at  general  conclusions;  this  is  evi- 
dent from  tlie  paper  and  also  from  the  discussion  so  far  as  it  has  gone. 
T  think  it  will  be  recognized  that  we  have  here  touched  upon  one  of  the 
important  questions  of  electrochemistry.     It  is  evident  that  a  vital  point 
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in  determining  the  pliysical  character  of  an  electrolytic  deposit  is  the  com- 
position of  the  solution — the  chemical  make-up,  if  1  may  use  the  term,  of 
the  solution.  Current-density,  diflerence  of  potential,  and  temperature,  all 
enter  in  as  important  factors  to  be  sure ;  but  if  the  chemical  composition 
is  not  right,  regulation  of  temperature,  current-density,  and  e.m.f.  will  not 
give  us  the  desired  deposit.  Attempts  to  get  a  dense  smooth  deposit  of 
silver  from  an  aqueous  solution  of  silver  nitrate  do  not  succeed;  the 
deposit  is  always  crystalline  no  matter  at  what  temperatures  or  current- 
densities  the  electrolysis  proceeds.  Neitlier  does  varying  the  strength  of 
the  solution  or  the  e.m.f.  result  in  producing  a  non-crystalline  deposit. 
On  the  other  hand,  a  silver  nitrate  solution  in  pyridine  will  always  yield 
a  dense,  non-crystalline  deposit.  That  increase  in  solubility  improves  the 
character  of  the  deposit,  as  has  been  claimed,  seems  plausible  from  a 
number  of  cases.  But  it  would  be  difficult  to  obtain  a  salt  more  soluble 
than  silver  nitrate  in  water,  and  yet,  a  smooth,  non-crystalline  deposit 
does  not  form  when  the  aqueous  solution  of  this  salt  is  subjected  to  elec- 
trolysis. Furthermore,  1  am  not  pursuaded  that  it  will  be  possible  to 
maintain  the  general  statement  that  high  current-density  and  high  poten- 
tial difference  always  tend  to  yield  a  better  deposit.  Indeed  it  is  well 
known  that  just  the  opposite  has  frequently  been  claimed  as  true.  I  be- 
lie"e  the  study  of  this  question  is  not  based  upon  a  sufficient  number  of 
cases.  We  should  not  be  too  ready  to  draw  general  conclusions  from 
a  few  isolated  experiments. 

It  seems  to  me  that  Professor  Bancroft  has  made  a  good  beginning, 
but,  as  he  himself  admits,  definite  conclusions  have  not  yet  been  obtained. 
Further  work  in  this  direction  should  be  encouraged,  and  every  one  inter- 
ested in  electroplating  ought  to  give  it  his  careful  consideration. 

I  am  not  at  all  sure  what  Professor  Bancroft  means  by  the  term 
"  soluble "  as  he  uses  it.  Does  he  mean  the  amount  of  substance  taken 
up  by  a  given  quantity  of  solvent,  or  the  rate  at  which  a  substance  dis- 
solves? If  the  latter,  this  would  depend,  of  course,  upon  temperature, 
surface  exposed,  stirring,  as  well  as  upon  the  nature  of  the  substances 
concerned.     It  seems  to  me  that  this  point  should  be  carefully  defined. 

I  may  say,  in  regard  to  the  matter  of  the  adhesion  of  the  electrolytic 
deposit  as  influenced  by  the  affinity  existing  between  the  plating  and  the 
underlying  metal,  that  the  experiments  of  Roberts-Austen  on  lead  and  gold 
show  conclusively  that  metals  do  penetrate  into  each  other,  in  other  words, 
that  they  do  have  affinity  for  each  other,  and  that  this  is  a  factor  which 
Ave  can  not  ignore;  although,  as  has  been  explained,  changes  of  conditions, 
particularly  those  of  temperature,  may  cause  crystallization  to  set  in 
resulting  in  disruption  of  the  joint  or  union  which  under  other  conditions 
would  remain  quite  secure. 

Mr.  Edw.  F.  Kern:  If  I  am  permitted,  I  would  like  to  make  a  refer- 
ence to  a  paragraph  in  a  paper  read  by  Mr.  Anson  G.  Betts  at  the  Albany 
meeting  of  the  Mining  Engineers  in  February,  1003,  in  regard  to  the 
smoothness  of  the  cathode:  "The  sinoothness  and  the  puHty  of  the  de- 
posited lead  are  proportional.  Most  of  the  impiirity  seems  to  be  intro- 
duced mechanically  through  the  attachment  of  floating  particles  of  slime 
to  irregularities  on  the  cathodes.     The  effect  of  roughness  is  cumulative; 
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it  is  often  observed  tliat  particles  of  slime  attract  an  undue  amount  of 
current,  resulting  in  the  lumps  seen  on  the  cathodes.  Samples  taken  at 
the  same  time  showed  from  1  to  2.5  oz.  silver  per  ton  in  verj'  rough 
cathodes,  0.25  oz.  per  ton  as  an  average  for  smoother  cathodes,  and  only 
0.04  oz.  in  samples  of  cathodes  selected  for  their  smoothness." 

I  would  also  like  to  refer  tok  the  paper  on  "  The  Lead  Voltameter,"  by 
Mr.  Betts  and  Mr.  Kern,  in  regard  to  the  current-density  and  strength  of 
solutions.  This  will  be  presented  later,  but  it  might  be  well  to  present 
this  part  now.  By  looking  over  the  table  you  will  see  that  the  current- 
density  used  was  from  7  to  37  amperes  per  square  foot,  and  that  the 
results  are  as  accurate  where  large  current-densities  were  used  as  with 
the  smaller.  We  have  here  in  one  case  employed  a  current-density  of  37 
amperes  per  square  foot  and  in  another  7.5  amperes  per  square  foot.  The 
smoothness  of  the  deposit  in  both  cases  is  about  the  same,  irregardless 
whether   a   strong  or  weak  electrolyte  was   used. 

Now,  in  regard  to  the  paper  that  has  been  read:  Several  years  ago, 
while  a  student  at  the  Universitj'  of  Pennsylvania,  I  carried  out  a  research 
attempting  to  separate  nickel  and  cobalt.  This  was  done  by  converting 
the  cobalt  into  potassium  cobalti-cyanide  similar  to  the  formation  of  potas- 
sium ferri-cyanide  in  solution.  The  experiment  I  made  did  not  come  out 
as  1  expected,  but  I  found  that  by  the  addition  of  potassium  cyanide  to  an 
alkaline  electrolyte  of  nickel,  the  deposit  of  nickel  formed  was  smoother 
than  that  obtained  by  using  other  solutions.  The  addition  of  ammonium 
carbonate  in  place  of  ammonia  produced  smoother  deposits  when  from 
1   to  2   per  cent  of   cyanide  was   present. 

Prof.  lx)Uis  Kahlexberg:  When  nitrate  of  lead  is  dissolved  in  pyri- 
dine, you  alwaj-s  get  a  smooth  deposit  of  lead,  although  the  salt  is  but 
sparingly  soluble  in  that  solvent. 

Mr.  Enw\  F.  Kern  here  exhibited  a  sample  of  lead,  and  said : 

W"e  have  obtained  lead  an  inch  thick  just  as  smooth  as  that.  I  only 
brought  that  because   it    is   light. 

Prof.  C.  F.  Burgess  (in  the  chair)  :  \\e  ought  to  be  thankful  for  a 
paper  of  this  sort  for  our  consideration.  The  electroplating  industry  is 
perhaps  the  oldest  industrial  application  of  our  electrochemistry,  but  elec- 
trochemistry, at  the  present  time,  is  in  a  most  unsatisfactory  condition 
as  regards  its  literature.  It  has  already  been  pointed  out  that  when 
attempts  are  made  to  repeat  experiments  of  others,  in  accordance  with 
published  directions,  the  result  is  frequently  a  failure.  Especially  is  this 
true  when  good  metal  deposits  are  sought ;  but  the  failure  to  repeat  the 
performances  of  others  is  due  usually  to  incomplete  description  of  all  the 
conditions   rather   than   to  misrepresentation. 

There  are  many  varying  factors  that  must  be  taken  into  account,  and 
it  is  exceedingly  diflicult  to  classify  them  and  tell  what  the  variation  of 
a  single  factor  will  produce  in  results.  Doctor  Bancroft  has  summarized 
in  Table  I  the  various  materials  which  are  employed  in  the  production 
of  good  metal  deposits,  and  he  has  thrown  some  light  upon  the  reasons 
for  using  some  of  them.  In  regard  to  Doctor  Bancroft's  conclusions,  1 
have  no  doubt  that  most  of  us  who  have  studied  the  deposition  of  metals 
can  recall  instances  which  contradict  his  conclusions  and  cause  us  to  differ 
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with  him.  But  that  is  not  necessarily  criticism  upon  liis  paper,  because 
most  of  the  results  will  come  under  his  scheme. 

1  would  dill'er  with  the  author  in  his  statement  on  the  first  page  that 
"  neither  the  analyst  nor  the  refiner  cares  about  the  smoothness  of  tiie 
deposit,  so  long  as  no  trees  are  formed."  As  far  as  the  refining  is  con- 
cerned, it  is  a  preeminent  requisite  that  the  deposit  shall  be  smooth. 
It  must  be  smooth  after  the  deposition  has  proceeded  24  hours,  and  after 
running  48  hours  or  even  longer.  Most  electrolytic  deposition  for  refining 
purposes  requires  20  days,  or  more,  which  means  that  during  the  first 
few  daj's,  or  even  weeks,  the  depositions  must  be  smooth,  or  otherwise  you 
could  never  carry  the  depositions  long  enough  to  give  a  thick  deposit. 
This  difference  of  opinion  is  simply  due  to  the  difference  in  definition 
of  what  a  bad  deposit  is.  I  would  say,  looking  at  it  from  the  standpoint 
of  the  electrorefiner,  that  any  deposit  not  laid  down  in  a  smooth  layer 
is  a  bad  one.  Of  course,  from  the  electroplater's  standpoint,  a  solution 
might  give  good  deposition,  while  from  the  refiner's  standpoint,  it  would 
give  a  bad  deposition.  Before  attempting  to  classify  the  factors  producing 
bad  deposits  it  is  necessary  to  define  more  clearly  what  bad  deposits  are. 

Mr.  Edw.  F.  Kebn:  Referring  to  the  sentence  that  "  Neither  the  analyst 
nor  the  refiner  cares  about  the  smoothness  of  the  deposit,  so  long  as  no 
trees  are  formed."  The  electrolytic  lead  refiner  does  care,  for  the  smooth- 
ness of  the  deposit  indicates  the  purity  of  the  product.  The  smoother 
the  deposit,  the  purer  the  product.  In  refining  lead  by  the  Betts  process, 
you  ought  to  get  lead  which  will  equal  a  purity  of  about  99.999  per  cent. 
This  you  are  able  to  get  right  along  so  long  as  you  work  to  get  smooth 
deposits,  and  we  always  ^A■ork  to  that  end  and  succeed  in  getting  lead 
of  the  highest  purity. 

Prof.  C.  F.  Burgess  (in  the  chair)  :  In  Mr.  Betts'  discussion  is  pointed 
out  the  rather  surprising  fact  that  impurities  collecting  on  the  cathode 
serve  to  attract  the  current.  This  is  surprising,  since  these  impurities  are 
usually  non-conductors  and  would  be  expected  to  resist  rather  than  facili- 
tate the  flow  of  current  to  those  localities  where  they  adhere.  There  is 
no  doubt  that  such  impurities  become  covered  by  a  mound  of  metal,  but 
it  does  not  seem  to  me  to  be  due  to  the  attraction  of  the  current,  but 
rather  to  the  high  current-densities  around  the  insulating  material,  and 
consequent  coarse  crystalline  deposit  which   finally  bridges  over. 

Mr.  Edw.  F.  Keen:  I  would  just  like  to  mention  that  it  seems  to  me 
tliat  the  particles  of  slime  do  not  actually  attract  the  current,  but  that 
they  tend  to  conduct  it.  You  get  certain  impurities,  especially  in  lead 
refining,  such  as  silver,  antimony,  bismuth  and  copper ;  these  are  in  the 
slime  as  metals  and  conduct  the  cun-ent  better  than  the  lead,  and  prob- 
ably this  is  one  reason  why  the  rougher  deposits  are  less  pure.  The 
lumps  indicating  where  particles  of  slime  have  attached  themselves.  Of 
course  in  copper  refining  you  have  rnilphur  in  the  slime,  which  acts  as 
an   insulator. 

Dr.  W.  D.  Bancroft:  Mr.  Betts  says  that  the  experimsjits  of  r41aser 
are  not  accurate  and  that  he  has  not  been  able  to  duplicate  them.  Glaser'a 
account  of  his  own  work  reads  like  a  straightforward  statement  of  experi- 
mental results.     In  the  absence  of  anv  evidence  to  the  contrary  I  assumed 
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that  he  was  describing  what  he  found.  If  he  was  not,  of  course  that 
part  drops  out,  and  1  shall  take  pains  to  verify  that.  I  do  not  really 
see  the  advantage  in  tlie  (juotation  of  some  of  the  experiments  giving  the 
conditions  under  wiiicii  Cilaser  did  not  get  a  good  deposit,  because  these 
are  not  the  subject  of  dispute  at  all.  Then  Mr.  Betts  states  that  Glaser 
does  not  make  the  generalization  that  a  reducing  agent  improves  the 
equality  of  the  deposition.  When  I  get  back  to  Ithaca,  I  shall  be  happy 
to  give  the  page  reference.'  In  the  case  of  cadmium  and  zinc,  the  deposi- 
tion of  small  quantities  of  cadmium  with  the  zinc  is  said  to  make  the 
zinc  deposit  bad.  Of  course  this  statement  postulates  that  the  cadmium 
precipitates  as  metal.  I  am  inclined  to  believe  either  that  the  cadmium 
precipitated  as  iiydroxide  or  that  the  zinc  and  cadmium  formed  a  local 
couple  oxidizing  the  zinc.  Instead  of  testing  for  hydroxide,  Mr.  Betts  has 
preferred  to  ascribe  a  mysterious  power  to  metallic  cadmium.  Mr.  Betts 
objects  to  my  statement  that  the  addition  of  gelatine  or  glue  improves 
the  quality  of  the  deposits,  and  says  that  his  own  experiments  with  lead 
show  that  he  could  not  get  a  good  deposit  in  that  way.  A  little  later 
on,  in  objecting  to  my  statement  as  to  reducing  agents,  he  takes  the  oppo- 
site view.  Mr.  Betts  apparently  believes  that  glue  has  a  good  ofTect  when 
added  as  a  reducing  agent  and  a  bad  one  wOien  added  as  a  colloid. 

Mr.  Betts  says  that,  in  the  absence  of  any  experimental  evidence,  he 
thinks  a  low  current-density  gives  small  crystals.  That  would  be  all  right 
if  it  were  in  the  absence  of  experimental  evidence.  As  far  back  as  18.37, 
experiments  were  made  by  Golding-Bird  in  which  a  coarsely  crystalline 
structure  was  obtained  when  a  very  low  current-density  was  used.  Similar 
experiments  were  made  at  a  more  recent  date.  As  I  stated  in  my  paper, 
'  have  myself  had  a  number  of  experiments  made  to  test  this  particular 
matter,  and  we  have  some  photomicrographs  showing  the  results.  To 
draw  accurate  conclusions  in  regard  to  crystals,  a  microscopic  examination 
should  always  be  made. 

The  question  of  solubility,  raised  by  Mr.  Kahlenberg,  seems  to  be  based 
on  a  misunderstanding.  I  thought  I  was  clear  in  what  I  said.  I  did  not 
refer  to  the  solubility  of  the  metallic  salt  in  the  solvent.  I  spoke  of  add- 
ing something  which  would  dissolve  the  oxide  or  hydroxide.  This  has 
nothing  to  do  with  the  solubility  of  silver  nitrate,  for  instance,  in  pyridine 
or  water.  As  regards  the  rate  of  solution,  the  disturbing  salt  must  dis- 
solve faster  than  it  precipitates,  if  one  is  to  get  good  results.  The  experi- 
ment cited  by  Mr.  Kern  of  cyanide  solution  is  covered  by  my  paper.  If 
we  add  potassium  cyanide  we  increase  the  potential  difference  between 
the  metal  and  the  solution.  Consequently,  we  get  much  finer  deposits. 
Jt  is  generally  known  that  most  metals  precipitate  well  from  cyanide 
solutions.  I  refer  to  this  specifically  in  my  paper.  As  regards  the  other 
point  that  seems  to  be  at  issue,  whether  the  refiner  requires  a  smooth 
deposit  in  the  sense  that  the  plater  does.  I  call  your  attention  to  the 
sample  of  lead  which  has  been  passed  around.  It  is  smooth  from  the  point 
of  view  of  the  refiner,  but  I  doubt  whether  any  of  j'ou  will  call  it  smooth 
from  the  standpoint  of  the  electroplater.     You  can  take  any  copper  cathode 
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plate,  and  one  wliich  is  smooth  from  the  point  of  view  of  the  refiner  is 
a  series  of  mountains  from  the  point  of  view  of  the  plater.  Mr.  Burgess 
says  that  every  one  of  you  can  recall  cases  which  contradict  the  rather 
crude  outline  which  1  have  given.  1  shall  be  very  much  obliged,  indeed, 
if  those  of  you  who  do  recall  tliese  eases  will  give  me  a  memoiaudum  of 
them  at  some  time — either  here  or  send  it  to  Ithaca — for  1  should  like 
very  much  to  go  over  them  to  see  whether  they  are  really  contradictions, 
or  whether  they  are  based  merely  upon  a  misunderstanding  of  the  facts. 
There  are  a  good  many  points  in  my  article  on  which  I  do  not  care  to 
lay  much  stress ;  but  on  the  other  hand,  as  you  know,  there  have  been 
no  end  of  experiments  in  plating,  and  we  are  not  very  much  further  ahead 
than  before.  Now,  if  we  can  get  anything  which  will  give  us  a  definite 
thing  to  test  for,  and  can  get  further  experiments  in  plating  carried  out 
in  a  rational  way,  and  either  prove  or  disprove  something,  it  will  not  be 
long  before  we  shall  actually  come  out  with  a  theory  of  plating  which 
will  be  accurate,  even  in  details. 

The  following  paper  was  then  read  by  Prof.  C.  F.  Burgess,  in  the  absence 
of  the  authors : 

Prof.  W.  D.  Bancroft  in  the  chair. 


THE  CARBON  CELL. 


BY  PROF.  DR.  F.  HABER  AND  DR.  L.  BRUNER,  Technical  High  School, 
Carlsruhe,  Baden. 


Among  the  various  attempts  to  construct  galvanic  cells  in  which 
an  electric  current  is  produced  by  the  consumption  of  carbon,  there 
is  none  that  has  been  of  greater  interest  than  the  experiment  of 
Jacques,  who  proposed  the  cell  consisting  of  the  following: 

Carbon  —  fused  sodium  hydrate  —  iron. 

This  cell  has  been  the  subject  of  experiments  by  numerous  in- 
vestigators, especially  Mr.  C.  J.  Keed  in  America,  and  Messrs. 
Liebenow  and  Strasser  in  Ge^man3^  Experiments  which  we  our- 
selves have  conducted  show  that  the  true  nature  of  this  cell  is 
d  ifEerent  from  what  it  was  supposed  to  be. 

Let  us  consider  first  the  behavior  of  each  of  the  electrodes  sepa- 
rately. 

The  iron  electrode  in  the  fused  sodium  hydrate  is  gradually 
covered  with  a  protecting  layer  or  skin  of  the  oxide.  As  soon  as 
this  has  been  produced,  the  iron  is  no  longer  attacked,  whereas  pre- 
viously it  went  into  solution  in  the  fused  salt  as  iron  oxide,  with 
the  development  of  hydrogen  gas.  This  protecting  skin  can  be 
produced  rapidly  if  the  iron  is  dipped  for  a  short  time  into  fused 
saltpetre,  and  subsequently  carefully  freed  from  the  saltpetre  by 
means  of  water. 

The  iron  thus  coated  with  this  protecting  skin,  is  called  "  pas- 
sive "  because  the  fused  sodium  hydrate  produces  no  further  changes 
on  it. 

This  passive  iron  represents  an  oxygen  electrode  on  which  the 
atmospheric  oxvgcn  acts  similarly,  but  better,  than  on  a  platinized 
platinum  electrode  dipped  into  an  aqueous  conducting  solution. 
This  action  of  the  oxygen  is  brought  aliout  by  the  presence  of 
sodium  manganate.  which  is  always  present  in  small  quantities  in 
fused  commercial  sodium  hydrate,  and  especially  when  in  contact 
with  iron,  and  its  presence  can  easily  be  proved  chemically.  Quite 
pure  sodium  hydrate,  when  fused  and  in  contact  with  commercial 
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iron,  will  contain  some  manganese  because  a  small  quantity  of 
manganese  forms  a  normal  part  of  commercial  iron  and  gets  into 
the  fused  salt  when  the  iron  is  attacked  by  the  sodium  hydrate 
previously  to  the  production  of  the  passive  state;  by  means  of  the 
atmospheric  air  it  becomes  a  manganate. 

The  passive  iron,  as  an  unattackable  electrode,  can  be  replaced 
by  another  indifferent  electrode,  as  for  instance  by  platinum, 
without  changing  the  force  and  the  method  of  action  of  the  elec- 
trode in  fused  sodium  hydrate  containing  manganese. 

If  platinum  is  placed  into  pure  sodium  hydrate  the  potential  at 
the  electrode  is  uncertain.  A  very  small  quantity  of  a  manganate 
suffices  to  give  rise  to  a  different  value,  which  does  not  change 
during  a  further  addition  of  a  manganate  up  to  2  per  cent  of  the 
weight  of  the  sodium  hydrate. 

If  the  added  sodium  manganate  is  reduced  by  forcing  in  some 
hydrogen  or  carbon  monoxide,  or  by  the  addition  of  sodium  oxalate 
or  sodium  formate,  quite  an  extraordinary  change  will  take  place 
in  the  potential.  But  by  forcing  in  some  atmospheric  oxygen  the 
original  value  of  the  potential  is  again  reached. 

In  these  experiments  the  potential  of  the  platinum  electrode  is 
thus  brought  about  by  the  absorption  of  oxygen.  If  a  permanagate 
is  added  to  fused  sodium  hydrate,  oxygen  will  be  evolved  and  the 
potential  will,  contrary  to  the  other  case,  be  brought  about  by  the 
evolution  of  oxygen.  These  potentials  are  measured  most  simply 
by  letting  the  syphon  of  a  decinormal-electrode  terminate  in  a 
small  vessel  containing  concentrated  sodium  hydrate,  which  is  in 
electric  contact  with  the  fused  salt  which  is  to  be  tested,  by  means 
of  a  rod  of  solid  sodium  hydrate.  In  all  the  measurements  the 
fused  salt  was  in  a  large  silver  crucible.  The  observed  values  for 
different  temperatures  are  collected  in  the  following  .table.  The 
temperature  was  measured  thermoelectrically. 


Centigrade  decrees I         312  I  336  I  360  I         388  I         412  I  472  |         532 

Potential  in  volts  against  II 

decinormal-electrode  .|  —0.265  |  —9.294  |  —0.314     —0.333     —0.353     —0.431      —0.472 


These  values  were  measured  with  a  platinum  electrode,  a  small 
quantity  of  the  manganate  being  added  to  the  sodium  hydrate. 
Numerous  tests  showed  that  absolutely  equal  values  of  the  potential 
are  obtained  with  an  electrode  of  passive  iron.  An  earlier  opinion 
from  other  sources,  that  the  presence  of  certain  steps  in  the  oxida- 
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tion  of  the  iron  in  the  fused  salt  is  of  importance  in  tlie  Ix-liavior 
of  this  electrode,  is  proved  to  be  not  correct. 
Let  us  now  consider  the  carbon  electrode. 

When  a  carbon  electrode  is  tested  in  the  way  above  descrilied  for 
iron  and  platinum,  .all  possible  values  can  be  observed  between 
—  0.6  and  — 1.5  volts  toward  the  decinormal-electrode.  With 
closer  study  one  finds  that  the  potential  approaches  the  value 
— 1.5  volts  more  and  more,  the  more  rapidly  the  carbon  is  attacked 
by  the  fused  sodium  liydrate  with  tlie  evolution  of  gas.  This  attack 
is  less  the  denser  and  the  more  graphitic  the  carbon  is.  Electrodes 
which  are  treated  by  the  process  of  the  International  Acheson 
Graphite  Couipany.  therefore,  remain  very  far  from  this  value 
— 1.5  volts.  Ordinary  arc  light  carbons  on  the  other  hand  can 
generally  be  made  to  produce  a  free  gas  evolution  when  the  fused 
salt  in  which  it  is  dipped  is  heated  to  above  500  deg.  C.  They 
then  reach  quite  or  nearly  the  value  —  1.5  volts  and  remain  kt 
ihis  value  when  the  fused  salt  in  which  they  are  dipped  is  cooled 
to  the  point  of  solidification.  But  as  the  accompanying  evolution 
of  gas  gradually  diminished  at  a  lower  temperature  (about  350 
deg.),  the  potential  will  simultaneously  change;  it  will  diminish  to 
the  values  —  1.3  or  —  1.2  volts,  etc. 

The  gas  which  the  carbon  electrode  evolves  in  thp  hot  fused 
sodium  hydrate    is  hydrogen  gas. 

If,  instead  of  the  carbon  electrode,  a  platinum  tube  is  dipped  into 
the  fused  sodium  hydrate,  and  pure  hydrogen  gas  is  led  through  it 
into  the  liquid,  one  obtains  with  a  strong  current  of  gas  the  poten- 
tial — 1.5  volts,  and  this  will  be  the  case  at  all  temperatures  be- 
tween 500  deg.  and  the  point  of  solidification  of  the  fused  salt.  If 
the  current  of  hydrogen  gas  is  made  weaker,  the  value  — 1.5  volts 
will  not  be  reached ;  the  figures  will  be  smaller.  The  potential  of 
the  carbon  in  the  fused  sodium  hydrate  is,  according  to  this,  not 
determined  directly  l)y  the  carbon,  but  by  the  hydrogen  which  the 
action  of  the  carbon  on  the  fused  salt  sets  free.  The  temperature 
produces  no  effect  on  the  potential  Avithin  the  given  wide  range, 
but  the  rapidity  of  the  evolution  of  the  hydrogen  is  of  great  im- 
portance. 

Before  we  recognized  this  connection  lietween  the  two.  we  had 
held  a  different  conception  concerning  the  process  at  the  carbon 
electrode.  We  supposed  that  a  formic  acid  salt  or  an  oxalic  acid 
salt,  or  carbon  monoxide  were  produced,  and  that  these  materials 
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determined  the  potential  at  the  carbon  electrode.  We,  therefore, 
tested  the  action  wliich  an  addition  of  tlio  two  named  salts  or 
the  introduction  of  carbon  monoxide  had  on  the  fused  salt,  and  on 
the  behavior  of  the  })latinum  electrode  which  is  dipped  into  the 
fused  salt.  We  found  by  chemical  investigations  that  former  state- 
ments in  the  literature  were  confirmed,  according  to  which  oxalates 
and  formates  in  an  excess  of  fused  sodium  hydrate,  pass  over  freely 
into  carbonate  and  hydrogen  gas.  Formates  may  be  assumed  to  be 
a  combination  of  carbon  monoxide .  with  sodium  hydrate,  and 
oxalates  may  be  assumed  to  be  a  combination  of  carbon  monoxide 
with  an  alkali  carbonate.  We  assumed,  therefore,  that  carbon 
monoxide  with  sodium  hydrate  could  also  produce  hydrogen  and 
sodium  carbonate.  We  found  this  to  be  definitely  proved  to  be  a 
fact,  when  we  led  carbon  monoxide  through  a  silver  spiral  heated 
to  350  deg.,  in  which  there  was  fused  sodium  hydrate.  The  fol- 
lowing reaction  is  thereby  obtained  with  great  ease : 
—  CO  +  2NaOH  =  C03Xao+  H,. 

It  can  be  proved  by  means  of  thermodynamics,  that  the  oxalate, 
the  formate  and  carbon  monoxide,  when  they  act  as  such  on  the 
electrode,  should  manifest  their  potentials,  which  exceed  —  1.5 
volts.  Such  potentials,  however,  were  never  observed.  On  the 
other  hand  it  was  found  that  all  three  materials  as  such  were  in- 
active at  the  electrode,  and  tliat  it  was  only  the  hydrogen  evolved 
by  them  which  charged  them  and  brought  their  potential  more  or 
less  closer  to  the  value  — 1.5  volts,  according  to  the  rapidity  of  the 
release  of  the  gas.  According  to  these  principles  we  are  in  a  posi- 
tion to  say  that  the  so-called  Jacques  carbon  cell  is  a  hydrogen- 
oxygen  chain,  in  which  the  oxygen  of  the  air.  by  the  intermediate 
action  of  the  manganates  at  the  iron  electrode,  acts  with  the 
hydrogen  released  by  the  carl)on  from  the  fused  salt  at  the  other 
electrode.  The  power  of  this  element  depends  on  the  consistency 
of  the  carbon.  If  the  latter  is  loose  and  capable  of  producing 
hydrogen  gas  evolution,  one  obtains  those  values  which  are  found 
when  one  deducts  — ^^1.5  volts  from  the  above-mentioned  values 
for  the  oxygen  electrode.  As  for  instance  ( — 0.265 -j- 1.5)  that 
is  +  1.24  volts  at  312  deg.  C,  and  (—  0.472  +  1.5)  that  is  + 
1.03  volts  at  532  deg.  C. 

Thermoelectric  phenomena  take  no  part  in  the  production  of 
these  electromotive  actions.  For  these  forces  do  not  depend  in  the 
least  on  the  materials  iron  and  carbon,  but  only  on  the  gases 
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oxygen  and  hydrogen,  and  the  same  platinum  tube  shows  alter- 
nately the  force  of  the  iron  and  the  carbon  electrode,  if  at  constant 
temperature  we  pass  through  it  oxygen  and  hydrogen  respectively. 

The  element  under  discussion  is  without  importance  from  the 
practical  standpoint,  because  during  its  action  the  valuable  carbon 
electrode  and  the  equally  expensive  sodium  hydrate  are  changed 
into  cheap  soda,  only  to  obtain  a  little  hydrogen  which  acts  elec- 
tromotively. 

From  the  theoretical  standpoint  such  a  hydrogen-oxygen  chain 
offers  very  much  of  importance.  It  is  differentiated  from  the  old 
well-known  Grove  hydrogen-oxygen  chain,  in  that  it  is  not  liquid 
water,  but  a  solution  of  water  in  fused  sodium  hydrate,  which  is 
produced  by  its  action. 

The  relation  which  Helmoltz  has  proved  for  the  connection  be- 
tween the  electromotive  force  of  reversible  galvanic  chains,  and 
the  reaction  heat  of  the  process  which  produces  the  current,  enables 
us  to  calculate  the  heat  of  reaction  in  the  present  case.  This  is 
shown  to  be  81,650  gram  calories  per  gram  molecule  of  water 
produced.  But  as  the  formation  of  a  gram  molecule  of  water  vapor 
at  the  range  of  temperatures  of  the  experiment  sets  free  approxi- 
mately 58,650  gram  calories,  it  follows  that  the  evolution  of  heat 
which  accompanies  the  absorption  of  a  gram  molecule  of  water 
vapor  by  a  very  large  quantity  of  fused  sodium  hydrate  has  a  value 
of  approximately  23,000  gram  calories.  This  high  value  arises 
from  the  fact  that  fused  sodium  hydrate  holds  the  last  traces  of 
water  with  unusual  tenacity,  as  has  already  been  shown  by  others. 

One  can  carry  out  the  theoretical  conception  on  the  basis  of  the 
ITelmholtz  relation  above  given,  in  still  another  way.  One  can,  for 
instance,  suppose  at  the  start  that  an  equilibrium  exists  between  a 
fused  salt  containing  water,  and  the  vapor  pressure  of  the  water 
above  it.  In  this  way  one  arrives  at  the  conception  that  the  action 
of  our  chain  depends  on  the  change  of  the  atmospheric  oxygen, 
which  has  a  pressure  of  0.2  atmosphere,  and  the  hydrogen  which 
has  an  atmospheric  pressure,  into  water  vapor  of  a  pressure  cor- 
responding to  the  state  of  equilibrium  above  the  water  containing 
the  fused  salt.  When  we  integrate  the  above-mentioned  differential 
equation  of  Helmholtz,  and  for  comparison  consider  the  known 
values  of  the  force  of  the  Grove  gas  chain,  avo  can  calculate  the 
vapor  pressure  above  the  fused  sodium  hydrate  at  different  tem- 
peratures.    The  carrying  out  of  these  theoretical  calculations  re- 
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quires  a  more  extended  representation  of  the  case  and  this  departs 
too  far  from  the  intention  of  this  discussion,  to  be  embodied  here. 
One  can  find  it  in  an  extended  treatment  of  the  subject  which  has 
appeared  in  the  German  language  in  the  Zeitschrift  filr  Elektro- 
chemie.^  The  result  of  the  calculations  is  that  the  vapor  pressure 
above  fused  sodium  hydrate  at  300  deg.  is  extremely  small  and  in- 
creases with  increasing  temperature.  The  fused  mass  is,  there- 
fore, especially  hygroscopic  near  its  point  of  solidification,  and  the 
force  of  the  hydrogen-oxygen  chain  at  this  temperature  is  the 
highest.  That  the  force  of  the  Jacques  carbon  cell  increases  with 
the  temperature  is  not  in  contradiction  with  this,  but  is  explained 
according  to  our  former  statement  by  the  fact  that  the  evolution  of 
hydrogen  by  the  carbon  increases  in  rapidity  very  quickly  with  in- 
creasing teniperature. 

Discussion. 

The  following  communication  by  Mr.  C.  J.  Reed,  on  the  subject  of  the 
paper  of  Messrs.  Haber  and  Bruner,  was  presented  by  Professor  Burgess 
in  Mr.  Reed's  absence: 

I  would  crll  attention  to  the  fact  that  the  so-called  Jacques  cell  was 
invented,  not  by  Jacques,  but  by  Henri  Adolphe  Archereau  of  Paris,  who 
obtained  for  it  British  patent  No.   1037,  Feb.  26,   1883. 

According  to  this  paper  the  cathode  of  the  cell  consists  of  a  film  ot 
iron  jixide,  which  is  not  reduced  by  the  electrolytic  action  but  merely  acts 
as  an  aosorber  of  oxygen  remaining  itself  unreduced.  It  would  have  added 
greatly  to  the  interest  of  this  paper  if  the  authors  had  given  some  of  the 
proofs  of  this  statement,  or  at  least  indicated  the  nature  of  the  experi- 
mental evidence  on  whicli  the  statement  is  based.  Prof.  Elihu  Thomson' 
states  as  a  result  of  his  experiments  that  the  action  of  the  cell  is  to  reduce 
this  film  of  iron  oxide  to  metal  and  the  action  of  the  injected  oxygen  is 
to  reoxidize  the  reduced  iron.  All  of  my  experiments  have  confirmed  this. 
The  film  of  oxide  is  always  rapidly  reduced  on  the  passage  of  current 
to  a  film  of  metallic  iron  which  has  a  characteristic  grayish  blue  color 
and  a  powerful   reducing  action. 

The  statement  in  the  paper  that  there  is  a  permanent  layer  of  iron 
oxide  which  acts  as  a  cathode  by  absorbing  and  giving  up  oxygen,  without 
itself  undergoing  electrochemical  change,  seems  to  me  a  most  remarkable 
one  and  one  that  requires  at  least  some  proof.  The  authors  do  not  even 
indicate  the  nature  of  the  experimental  evidence  on  this  point  if  they 
have   found  any. 

The  paper  states  that  this  alleged  peculiar  behavior  is  brought  about 
by  the  presence  of  sodium  manganate,  but  does  not  state  nor  give  us  even 
a  hint  as  to  the  manner  in  which  the  manganate  accomplished  this  impor- 

1.   1904,  Vol.  X,  page  69F. 
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tant  function,  whether  it  is  by  chemical  or  electrochemical  action  or  merely 
by  its  presence. 

If  the  action  of  the  manganate  is  merely  by  its  "  presence  "  and  is  not 
chemical  or  electrochemical,  then  the  minute  quantity  of  manganese  said 
to  be  present,  or  even  a  single  molecule,  would  be  as  amply  sufficient  as 
a  larger  quantity.  But  if  the  manganate  has  any  chemical  or  electro- 
chemical action,  it  is  absurd  to  talk  of  manganate,  in  quantities  so  minute 
that,  at  most,  only  some  thousandths  of  a  milligram  could  be  in  contact 
with  the  cathode,  transmitting  currents  of  hundreds  of  amperes  such  as 
have  been  taken   continuously   for  hours   from   these  cells. 

If  (for  the  sake  of  argument  only)  we  admit  the  allegations  of  the 
paper  in  regard  to  manganese  and  iron-o.\ide  films,  there  is  still  no  ex- 
planation on  any  theorj*  except  that  of  thermo-electric  action,  of  the  fact 
that  an  iron  rod  maj'  be  substituted  for  the  carbon  rod  with  the  produc- 
tion of  an  even  greater  e.m.f.,  amounting  to  as  much  as  1.15  volts.^  Nor 
is  there  any  explanation  of  the  fact  that  a  current  of  illuminating  gas 
produces  substantially  the  same  effect  as  a  current  of  air ;'  nor  of  the 
production  of  the  current  b}'  the  use  of  a  crucible  of  pure  silver  instead 
of  the  iron  pot  and  of  sodium  hydroxide  made  from  metallic  sodium  free 
from  manganese  and  all  other  impurities.* 

The  probable  electrochemical  reaction  in  the  cell  has  been  very  clearly 
stated  by  Ostwald.' 

He  describes  the  reaction  in  the  zinc-copper-oxide  cell  as  the  strict  ana- 
logue of  the  Jacques  cell,  and  the  paper  before  us  does  not  seem  to  me 
to  contain  anytliing  which  controverts  the  position  taken  by  Ostwald.  In 
order  that  there  may  be  no  misapprehension,  and  because  Ostwald's  state- 
ment is  exceedingly  clear,  exact  and  positive,  I  will  quote  his  w'ords : 

"  We  possess  in  this  cell  the  complete  analogue  of  the  Jacques  cell. 
The  role  of  the  zinc  is  played  by  carbon,  the  role  of  the  oxide  of  copper 
by  ferric  oxide,  or  by  sodium  ferrate.  The  cell  will  W'Ork  until  one  of  the 
three  necessary  constituents  is  exhausted.  Since,  according  to  Jacques, 
ferric  oxide  is  the  constituent  present  in  the  smallest  quantity,  the  activity 
of  the  cell  depends  entirely  upon  the  renewal  of  the  exhausted  ferric  oxide, 
i.  e.,  on  the  amount  of  air  or  oxygen  which  is  conveyed  to  the  iron  cathode. 

"  If  we  were  to  construct  the  Lalande  cell  with  plates  of  porous  metallic 
copper  instead  of  copper  oxide,  we  should  then  be  able  to  obtain  from  it 
a  current  only  in  proportion  as  fresh  copper  oxide  is  generated,  say  by  the 
blowing  in  of  air  to  the  cathode,  or  by  allowing  it  to  partially  project  in 
the  air,  and  giving  it  a  slow  rotary  movement,  in  such  a  manner  that  the 
reduced  parts  should  be  practically  exposed  to  the  air. 

"As  may  be  seen,  in  this  cell  as  well  as  in  the  Jacques  cell,  the  only 
active  substance  is  the  absorbed  oxygen,  and  the  energy  which  is  set  free 
by  the  union  of  the  oxygen  with  the  copper  or  the  iron,  is  lost  as  far  as 
the  electrical  process  is  concerned.     There  is  practically  no  way  known  as 

^Electrical  World,  July  2.5,  1896. 
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yet  for  preventing  tliis  loss.  If  the  cathode  of  the  Jacques  cell  consisted 
of  any  nonoxidizable  metal  wliich  would  simply  absorb  the  oxygen,  as 
palladium  absorbs  hydrogen,  a  far  higher  e.m.f.  might  be  secured,  because 
in  tliis  case  the  potential  of  free  oxygen  of  the  air,  wliich  is  very  high, 
would  become  effective.  Free  oxygen,  however,  is  unfortunately  a  sub- 
stance wii'.ch,  despite  its  high  potential,  reacts  very  slowly,  and  in  order 
to  realize  practical  velocity  of  reaction,  we  must  put  up  with  the  loss  of 
potential  resulting  from  the  oxidation  of  copper  or  iron." 

No  theory  could  be  more  explicit  as  to  the  electrochemical  reaction  or 
harmonize  better  with  observed  facts  than  this  statement  of  Ostwald. 

The  source  of  the  e.m.f.  is  therefore  a  question  of  the  energy  of  this 
electrochemical  reaction.  If  the  complete  electrochemical  reaction  of  the 
cell,  including  necessarily  the  chemical  change  at  both  electrodes,  viz.,  the 
oxidation  of  the  carbon  and  reduction  of  iron  oxide,  evolves  energy,  that 
energy  will  produce  an  e.m.f.  in  the  direction  of  the  current.  If  this  com- 
plete electrochemical  action  absorbs  energy,  it  will  oppose  an  e.m.f.  to  the 
current  and  the  e.m.f.  producing  the  current  must  necessarily  originate  in 
some  other  source  than  the  electrochemical  action. 

The  only  possible  electrochemical  reaction,  according  to  Ostwald's  state- 
ment quoted  above,  is  the  reduction  of  an  oxide  of  iron  by  the  oxidation 
of  carbon.  Whether  the  carbon  be  oxidized  to  CO  or  CO2  and  whether  the 
iron  be  reduced  to  the  metallic  state  from  an  oxide,  or  reduced  from  a 
higher  to  a  lower  oxide,  tlie  energy  of  the  carbon  alone  in  either  case  is  not 
sufficient  for  th  >  reduction  of  the  iron  and  can  not,  therefore,  supply  any 
excess  in  the  form  of  electrical  energJ^  There  is  only  one  other  source 
of  energy  present,  viz.,  the  heat  used  in  maintaining  the  high  temperature. 
How  can  we  escape  from  the  conclusion  that  the  heat  is  the  source  of 
the  e.m.f.  We  must  keep  in  mind  that  the  energy  of  an  equivalent  carbon 
is  less  than  the  energy  of  an  equivalent  of  iron  and  that  an  equivalent  of 
iron  can  not  be  reduced  by  the  energy  of  an  equivalent  of  carbon,  there 
being  always  required  the  energy  of  additional  carbon  burned  in  an  addi- 
tional independent  reaction. 

The  thermo-chemical  equations  of  the  various  possible  reactions  in  this 
cell  have  been  given  by  me  elsewhere,"  and  if  manganese  were  substituted 
for  iron  the  electrochemical  action  would  require  even  greater  absorption 
of  energy. 

Measurements  of  potentials  alone  can  not  determine  the  electrochemical ' 
reaction  of  a  cell.  The  measurements  of  temperatures  and  potentials  given 
in  this  paper,  however,  show  very  clearly  that  the  e.m.f.  is  not  only 
(lependent  upon,  but  is  directly  proportional  to,  the  temperature,  as  would 
be  expected  if  the  action  were  thermo-electric.  The  statement  that  "  the 
temperature  produces  no  eflFect  on  the  potential  within  the  given  wide 
range  "  is  a  denial  of  the  figures  given  in  the  paper,  as  well  as  a  denial 
of  our  generally  accepted  conclusions  thermodynamically  deduced. 

If  I  understand  the  authors  correctly,  the  claim  is  that  the  e.m.f.  of  the 
cell  originates  in  the  union  of  free  oxygen  and  free  hydrogen  and  that  the 
intensity   of   the   e.m.f.    is    proportional    to    the  rapidity   with    which    the 
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hydrogen  is  evolved  and  that  this  increases  with  the  temperature.  Tliis 
is  certainly  a  new  theory  of  e.m.f. — that  it  is  proportional  to  the  quantity 
of  the  chemical  reagent  present. 

I  would  ask  where  the  hydrogen  for  this  supposed  reaction  comes  from  ? 
The  paper  says  it  is  reduced  by  the  carbon,  but  this  can  not  occur  without 
the  absorption  of  heat,  as  will  be  seen  by  an  inspection  of  the  following 
thermochemical  reaction : 

GO  29 

C  +  H^O  =  CO  +  Hi 

2  X  t;0  97 


C  +  2H^O  =  CO,  +  2Hi 

(59 29 

The  first  reaction  absorbs  heat  corresponding  to    „ — „„"!,■  =.  0.86  volt, 

2  <  » ■>!)  —  97 

and  the  second  to  — —-^--, —  ^0.44  volt.     Where  does  this  energy  come 

4  X  23.24  '=■' 

from  if  not  from  the  applied  heat? 

It  seems  to  me  there  is  a  broad  method  of  determining  the  source  of 
e.m.f.  in  this  cell,  without  reference  to  potential  differences.  If  the  energy 
of  the  current  is  derived  from  heat,  the  process  must  be  thermo-electric. 
If  it  is  derived  directly  from  chemical  energy,  it  is  electrochemical  or  gal- 
vanic. The  only  possible  source  of  chemical  energy  in  the  cell  is  admitted 
to  be  the  oxidation  of  the  carbon.  If  the  carbon  is  directly  oxidized  by 
free  oxygen,  the  process  is  combustion  and  produces  only  heat.  In  order 
to  be  electrochemical,  the  oxidation  mu.st  be  accomplished  by  oxygen  derived 
from  a  preexisting  oxide  and  by  the  decomposition  of  the  electrolyte  at 
both  terminals,  as  in  all  other  electrochemical  reactions.  Even  in  the 
Grove  gas  cell  the  oxygen  and  hydrogen  must  first  combine  with  platinum 
before  they  can  produce  electrochemical  reaction.  With  carbon  electrodes, 
instead  of  platinum,  the  oxygen-hydrogen  cell  gives  no  e.m.f.  and  no  electro- 
chemical reaction.  In  the  so  called  Jacques  cell  there  is  no  oxide  present 
which  carbon  can  decompose  without  absorbing  energy.  The  energy  of 
combustion  of  the  oxygen  and  reduced  iron  at  the  cathode,  as  Ostwald 
says  in  the  passage  quoted  above,  "  is  lost  as  far  as  the  electrical  process 
is  concerned."  As  there  is  no  possible  electrochemical  action  present  in 
the  cell  except  those  which  absorb  energy-,  the  energy  of  the  cell  must  be 
derived  from  heat. 

Dr.  W.  D.  Bancroft  ( Chairman )  :  Experiments  made  in  my  laboratory 
several  years  ago  showed  that  the  carbon  dissolved  quantitatively,  which 
does  not  seem  quite  compatible  with  very  small  reactions  between  oxygen 
and  hydrogen ;  and  further,  I  should  think  it  might  be  interesting  to  learn 
what  would  happen  in  case  the  caustic  soda  were  replaced  more  or  less 
completely  by  sodiimi  carbonate.  Of  course  the  temperature  would  be  very 
much  higher.  Personally,  I  think  the  caustic  soda  is  necessary  for  the 
reaction. 

DocTOB  Kahlen'berg:  Do  you  say  the  carbon  dissolves  quantitatively 
or  simply  disintegrates? 

Chairman:      It  dissolves  very  nearly  quantitatively. 

The  following  paper  wns  then  read  by  tlie  antlior: 


THE  ELECTROCHEMICAL   SERIES  OF   THE 
METALS. 


BY  PROF.  LOUIS  KAHLENBERG,  University  of  Wisconsin. 
Delegate  of  the  American  Electrochemical  Society. 


The  current  conception  of  the  electrochemical  series  of  the 
metals  is  the  arrangement  of  the  latter  in  a  series  so  that  any- 
metal  will  be  electropositive  to  all  that  follow  it,  and  electronega- 
tive to  all  that  precede  it;  and  that  any  member  of  the  series  will 
chemically  replace  all  the  metals  that  follow  it,  and  in  turn  be 
replaced  by  those  that  precede  it  in  the  series.  In  seeking  com- 
binations of  metals  that  would  produce  the  highest  electromotive 
forces,  Volta  discovered  the  possibility  of  arranging  metals  in  an 
electrochemical  series;  though,  as  pointed  out  by  Ostwald  in  his 
history  of  electrochemistry,  he  did  not  at  first  realize  that  he  had 
thus  discovered  a  fundamental  property  of  the  metals. 

Since  the  time  of  Volta  the  electrochemical  series  of  the  metals 
has  figured  with  more  or  less  prominence  in  all  treatises  on  chem- 
istry and  electrochemistry.  The  position  of  the  metals  in  the 
series  is  determined  by  their  replacing  power,  but  particularly  by 
the  difference  of  potential  existing  between  the  metals  in  contact 
with  each  other,  or  better  in  contact  with  an  electrolyte.  The 
electrolyte  usually  employed  is  a  solution  of  some  salt  or  acid  in 
water.  It  has  long  been  known  that  the  character  of  the  acid  or 
salt  and  the  strength  of  the  solution  used  exert  an  influence  upon 
the  difference  of  potential  between  the  metal  and  the  solution.  This 
point  is  well  discussed  by  Jahn  in  the  opening  pages  of  his  treatise 
on  electrochemistry.  Nevertheless,  the  general  feeling  with  regard 
to  the  electrocliemical  series  at  present  is  that  it  really  represents 
a  fundamental  property  of  the  metals,  and  that,  though  the  char- 
acter of  the  electrolyte  into  which  the  metals  are  dipped  when  the 
electromotive  forces  are  measured,  affects  the  electrochemical  series 
somewhat,  such  effects  are  but  slight,  and  the  order  of  the  metals 
in  the  series  remains  essentially  the  same  in  all  cases. 
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This  view  has  no  doubt  been  strengthened  by  the  theory  of 
Nernst,  according  to  which  each  metal  is  endowed  with  an  electro- 
lytic solution  tension,  an  inherent  proijerty  of  the  metal  tending 
to  drive  it  into  the  solution  into  which  the  metal  dips,  and  which 
varies  only  with  the  nature  of  the  solvent  employed  in  forming 
the  solution.  The  theory  of  Xernst  postulates  the  theory  of  elec- 
trolytic dissociation,  and  it  is  conceived  that  that  which  operates 
against  the  hypothetical  solution  tension  of  the  metal  is  the  so- 
called  osmotic  pressure  of  the  simple  ions  of  that  particular  metal 
in  the  solution.  On  the  basis  of  this  view,  it  would  naturally  be 
expected  that  the  difference  of  potential  between  a  metal  and  a 
solution  of  its  salt  would  alwa3's  be  the  same,  no  matter  what  other 
things  might  be  contained  in  the  solution  or  what  solvent  might 
be  used,  as  long  as  the  concentration  of  the  ions  of  the  particular 
metal  in  question  remained  constant.  A  few  preliminary  experi- 
ments made  b}'  Jones,^  however,  soon  showed  that  it  was  neces- 
sary to  assume  that  the  electrolytic  solution  tension  of  a  metal 
varies  with  the  nature  of  the  solvent. 

During  the  last  six  years  the  differences  of  potential  between 
metals  and  solutions,  particularly  such  solutions  in  which  water  is 
not  used  as  a  solvent,  have  been  one  of  the  subjects  of  study  in  my 
laboratory.^  In  the  course  of  these  investigations,  there  were  em- 
ployed, besides  carbon,  twenty  different  metals  as  electrodes ;  thirty- 
live  different  solvents  were  used  in  making  up  the  solutions;  and 
fifteen  different  salts  were  employed  as  solutes.  The  metals  serving 
as  electrodes  included  all  of  those  in  common  use,  while  the  sol- 
vents and  solutes  selected  represented,  as  far  as  possible,  typical 
substances.  In  the  selection  of  the  solvents  and  solutes,  the  ques- 
tions of  securing  sufficient  solubility  and  electrolytic  conductivity 
necessarily  influenced  the  choice  very  greatly. 

The  outcome  of  all  this  work  is'the  establishment  of  the  fact 
that  at  a  fixed  temperature  the  difference  of  potential  between  a 
metal  and  an  electrolyte  depends  upon  the  character  of  the  metal 
and  upon  the  composition  of  the  electrolyte.  Xot  only  does  the 
character  of  the  solvent  affect  this  difference  of  potential,  or,  if 
the  theory  of  Nernst  and  the  theory  of  electrolytic  dissociation  be 
assumed,  not  only  does  the  osmotic  pressure  of  the  simple  ions  of 

1.  Zeit.  Phijsik.  Chrm.  U,  346   (1804). 

2.  ("omparo  Jour.  I'hps.  Chem.  3,  379  (1890)  :  Ibid..  4.  709  (11)00)  ;  also 
Trans.  Amer.  Electroehcm.  Soc-.  2,  80    (1902). 
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the  metal  in  the  solution  and  the  so-called  electrolytic  solution 
tension  of  the  metal  determine  the  difference  of  potential,  but  every 
ingredient  used  in  making  up  the  solution  affects  this  difference 
of  potential  to  some  extent,  and  frequently  very  materially  indeed. 
Nor  would  the  assumption  of  so-called  complex  ions,  or  of  an  in- 
fluence which  the  solufycs  might  have  on  the  concentration  of  the 
ions  of  the  metal  in  question  (for  which  assumptions  there  would 
moreover  frequently  be  no  grounds)  enable  one  to  escape  from  the 
conclusion  that  the  electrolytic  solution  tension  of  a  metal  is  in- 
fluenced not  only  by  the  solvent  but  also  by  the  solute.  But  if  the 
electrolytic  solution  tension  of  a  metal  is  determined  by  the  char- 
acter of  the  solvent  and  also  by  that  of  the  solute,  it  is  plainly 
evident  that  this  quantity,  which  is  viewed  by  Nernst  as  an 
inherent  property  of  the  metal  itself,  is  in  reality  as  much  a  func- 
tion of  all  the  ingredients  in  the  electrolyte  as  of  the  metal.  In 
this  connection  it  is  of  fundamental  importance  to  bear  in  mind 
a  further  result  of  the  investigations  carried  on  here,  namely,  that 
the  change  which  the  difference  of  potential  between  a  metal  and 
the  surrounding  solution  undergoes  when  any  constitvient  of  the 
solution  is  altered,  is  in  general  different,  either  as  to  magnitude  or 
direction,  or  both,  for  different  metals  toward  the  same  solution. 

The  facts  established  experimentally  in  these  researches  point 
to  the  conclusion  that  the  difference  of  potential  between  a  metal 
and  an  electrolyte  into  which  the  metal  dips  is  due  to  the  mutual 
chemical  interaction  of  electrode  and  electrolyte.  On  the  basis  of 
this  view  the  facts  at  hand  can  readily  be  explained.  It  becomes 
clear  at  once  why  a  change  in  any  ingredients  of  the  electrolyte 
should  affect  the  e.m.f.  developed,  and  why  in  the  case  of  differ- 
ent metals  this  effect  should  be  different  as  to  magnitude  or  sign, 
or  both,  for  one  and  the  same  change  in  the  electrolyte.  At  first 
thought  it  might  seem  that  this  view  of  ascribing  the  e.m.f.  de- 
veloped at  the  junction  between  a  metal  and  an  electrolyte  to  the 
chemical  affinity,  or  strain  tending  toward  interaction,  existing 
between  the  metal  and  the  electrolyte,  would  not  enable  one  to  detect 
regularities  existing  in  the  phenomena  of  the  electromotive  forces 
that  have  actually  been  measured,  but  this  is  a  delusion.  Similar 
metals  behave  similarly  in  the  development  of  potential  differences 
toward  an  electrolyte,  and  similar  ingredients  introduced  into  an 
electrolyte  produce  similar  effects  toward  one  and  the  same  metal 
in  the  development  of  potential  differences.     Bearing  this  in  mind 
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enables  one  to  detect  much  of  regularity  in  the  electromotive  forces 
measured. 

As  a  striking  instance  of  how  the  difference  of  potential  between 
a  metal  and  an  electrolyte  changes  when  one  of  the  ingredients 
of  the  electrolyte  is  gradually  altered,  the  following  illustration 

may  be  given.    The  e.m.f .  of  the  chain :  Ag  — AgNOj  in  Pyridine 

— AgN'Og  in  Water jAg,  is  0.422  volts  at  20°  C,  the  silver  in  the 

aqueous  solution  being  the  positive  pole  of  the  combination.  When 
in  the  first  half  of  the  chain  pyridine  is  gradually  replaced  by 
water,  keeping  the  solution  one-tenth  normal  for  AgNOg  and  allow- 
ing everything  else  in  the  chain  to  remain  unchanged,  the  e.m.f. 
of  the  combination  varies  as  indicated  in  Table  1.  The  first  column 
shows  the  composition  of  the  electrolyte  of  the  first  half  of  the 
chain  by  indicating  the  number  of  volumes  of  one-tenth  normal 
AgiSTOs  in  water  used  to  one  volume  of  one-tenth  normal  AgXO, 
in  pyridine ;  and  the  second  column  gives  the  e.  m.  f .  found.  The 
silver  dipping  in  the  one-tenth  normal  AgXOg  solution  in  water 
remains  the  positive  pole  throughout. 


TABLE  1." 

lumes  of  Ti 

-ater. 

E.M.F.  in  volts. 

0.00 

0.422 

0.33 

0.376 

1. 

0.339 

3. 

0.300 

7. 

0.259 

15. 

0.210 

32. 

0.148 

64. 

0.055 

127. 

0.022 

255. 

0.013 

511. 

0.011 

During  the  past  year  I  have  had  ^Tr.  J.  P.  Magnusson,  fellow 
in  chemistry  at  this  university,  measure  the  differences  of  potential 
between  various  metals  dipping  in  a  one-tenth  nomial  solution  of 

3.  This  Table  is  taken  from  one  of  the  papers  cited  above,  Jour.  Phys 
Chem.  3,  279  (1899). 
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lithium  chloride.  The  solvents  used  in  making  up  these  one-tenth 
normal  lithium  chloride  solutions  were  pure  pyridine,  pure  water, 
and  mixtures  of  pyridine  and  water  in  varioiis  proportions.  Great 
care  was  used  to  have  all  the  materials  employed  of  a  high  degree 
of  purity,  and  to  have  the  surfaces  of  the  metals  free  from  con- 
tamination.    In  each  case  the  chain  measured  was  of  the  forn^ 

N  ^ 

Metal  1  —LiCl  in  pyridine,  water,  or  pyridine  +  water  j^^.  AgNO, 

in  pyridine  |  Ag.  The  second  half  of  the  chain  always  remained 
unchanged;  and  for  the  value  of  this  half  of  the  combination  I  had 
previously  found* — 0.573  volt,^  on  the  assumption  that  the  half 
cell,  — nKCl-HgCl  |  Hg  is  equal  to  —0.56  volt. 

In  Tables  2  to  6,  which  follow,  the  metal  in  the  first  half  of  the 
chain  is  indicated  in  the  first  column;  in  the  second  column  is 
given  the  total  e.m.f.  of  the  chain  indicated  at  the  head  of  the 
table;  and  in  the  third  column  is  given  the  difference  of  potential 
of  the  first  half  of  the  combination  referred  to  the  value  — 0.56 
volt  for  the  normal  calomel  electrode.  In  computing  the  values  in 
the  third  column,  careful  attention  was  paid  to  the  sign. 


TABLE  2. 


^r 


iv 


Chain :  Metal  |  -  LiCl  in  pyridine  j    —    AgXC^  in  pyridine  |  Ag, 


Metal. 

Total  E.M.F. 

E.M.F.  of  first  half. 

1  Mg        ,, 

1.211    volts 

H- 0.638   volts 

2  Zn 

1.043 

+  0.470 

3  Cd 

0.9G6 

4-0.393 

4  Mn 

0.808 

+0.235 

5  Al 

0.705 

+0.132 

6  Pb 

0.663 

+0.090 

7  Sn 

0.618 

+0.044 

8  Cu 

0.595 

+0.022 

9  Co 

0.548 

—0.025 

10  M 

0.444 

—0.129 

11  Sb 

0.438 

—0.135 

12  Bi 

0.423 

—0.148 

13  Hg 

0.411 

•    —0.162 

4.  Jour.  Phys    Chem.  3,  379   (1899). 

5.  Tliis  value  was  fully  confirmed  by  Mr.  Magnusson. 
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Table  2  — 

(Continued) 

Metal. 

Total  E.M.F. 

E.M.F.  of  first  half. 

14  Ag 

0.398 

—0.175 

15  Cr 

0.387 

—0.187 

16  Au 

0.309 

—0.264 

17  Fe 

0.288 

—0.285 

18  Pd 

0.251 

—0.322 

19  Pt 

0.199 

—0.374 

20  C 

0.154 

—0.727 

TABLE 

3. 

Chain:    Metal  j—    LiCi  in  1  vol.  water -f- 3  vols,  pyridine 
AgNOg  in  pyridine  |  Ag. 

Metal.  Total  E.M.F.  E.M.F.  of  first  half. 

1  Mg  1.697   volts  +1.124  volts 

2  Zn  1.244  +0.671 

3  Mn  1.069  +0.496 

4  Al  0.895  +0.321 

5  Pb  0.650  +0.077 

6  Cd  0.637  +0.064 

7  Cu  0.568  —0.005 

8  Co  0.542  —0.031 

9  Sn  0.486  —0.087 

10  Fe  0.402  —0.171 

11  Sb  0.384  —0.189 

12  Ni  0.365  —0.208 

13  Bi  0.365  —0.208 

14  Hg  0.194  —0.379 

15  Ag  0.169  —0.404 

16  Pt  0.156  —0.417 

17  Cr  0.125  —0.448 

18  Pd  0.119  —0.454 

19  An  0.101  —0.472 

20  C  0.119  —0.692 
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TABLE 

4. 

Chain : 

Metal 

1  ^ 
•  10 

LiCl  in  1  vol. 

water  +  1  vol.  pyridine  j  — 

^NOg  in  pyridine  |Ag. 

Metal. 

Total  E.M.F. 

E.M.F.  of  first  half. 

1 

Mg 

1.669    volts 

+  1.096    volts 

2 

Zn 

1.247 

+0.674 

3 

Mn 

1.128 

+  0.555 

4 

Al 

0.855 

+0.281 

5 

Pb 

0.698 

+0.125 

6 

Cd 

0.659 

+0.086 

7 

Co 

0.559 

—0 .  cn4 

8 

Cu 

0.528 

—0.045 

9 

Sn 

0.449 

—0.124 

10 

Fe 

0.411 

—0.162 

11 

Sb 

0.370 

—0.203 

12 

Ni 

0.336 

—0.237 

13 

Bi 

0.318 

—0.255 

14 

Hg 

0.106 

—0 .  467 

15 

Cr 

0.106 

—0.467 

16 

Pt 

0.074 

—0.499 

17 

Ag 

0.067 

—0.506 

18 

An. 

0.006 

—0.567 

19 

Pd 

0.012 

—0 .  585 

20  C 

0.121 

—0.694 

Chain:  Metal  I  ^^ 
'  10 

AgNOj  in  pyridine  | 

Metal. 

1  Mg 

2  Mn 

3  Zn 

4  Al 

5  Cd 

6  Pb 

7  Co 

8  Cu 

9  Sn 


TABLE  5. 

LiCl  in  3  vols,  water  +  1  vol.  pyridine  |  — 

Ag. 
Total  E.M.F. 
1.662    volts 
1.212 
1.188 
0.828 
0.746 
0.669 
0 .  548 
0.485 
0.436 


E.M.F.  of  first  half. 
+1.089  volts 
+0.639 
+0.615 
+0.255 
+0.173 
+0.096 
+0.025 
—0.088 
—0.137 


00 
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Table  5 — (Continued). 


Metal. 

Total  E.M.F. 

E.M.F.  of  first  half. 

10 

F(; 

0.417 

—0.156 

11 

Sb 

0.316 

—0.257 

12 

Xi 

0.316 

—0.257 

13 

Bi 

0.297 

—0.276 

14 

Cr 

0.082 

—0.491 

15 

Ag 

0.075 

—0.498 

16 

Hg 

0.056 

—0.517 

17 

Pt 

0.006 

—0.567 

18 

Pd 

0.006 

—0.567 

19 

Au 

0.015 

—0.588 

20 

c    • 

0.075 

TABLE  6. 

—0.648 

Chain : 

Metal 

-  LiCl  in  water    - 
' 10                              ' 10 

AgXOj  in  pyridine  |  i 

Metal. 

Total  E.M.F. 

E.M.F.  of  first  half. 

1 

Mg 

1.666    volts 

+  1.093    volts 

2 

Mn 

1.151 

+0.579 

3 

Zn 

1.111 

+0.538 

4 

Cd 

0.782 

+0.209 

5 

Al 

0.777 

+0.204 

6 

Pb 

0.697 

+  0.124 

7 

Fe 

0.593 

+0.020 

8 

Co 

0.450 

—0.123 

9 

Sn 

0.403 

—0.170 

10 

Bi 

0.273 

—0.300 

11 

Sb 

0.271 

—0.302 

12 

Cu 

0.228 

—0 .  345 

13 

Xi 

0.189 

—0 .  384 

14 

Ag 

0.131 

—0.442 

15 

Cr 

0.065 

—0 .  508 

16 

Pd 

0.009 

—0.564 

17 

Hg 

0.020 

—0.593 

18 

Pt 

0.038 

—0.611 

19 

All 

0 .  054 

—0 .  627 

20 

C 

0.067 

—0.640 

To  facilitate  comparison,  the  values  in  the  third  columns  of 
Tables  2  to  6  are  gathered  together  in  Table  7,  the  headings  of  the 
colnmns  of  the  latter  tabk'  indicating  the  composition  of  the  solvent 
used. 
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TABLE 


N 


The  electrolyte  was  —  Li  CI,  the  solvent  used  being  indicated  by 
the  heading;  of  each  column. 


Pyridine. 

1  vol.  water  plus 
3  vols,  pyridine. 

1  vol.  water  plus 
1  vol.  pyridine. 

3  vols,  water  plus 
1  vol.  pyridine. 

Water. 

Mg   +0.638 

Mg   +1.124 

Mg   - 

1-1.0% 

Mg    +1.089 

Mg 

+1.093 

Zn    +0.470 

Zn    +0.671 

Zn    - 

-0.674 

Mn    +0.639 

Mn 

- -0.579 
—0.538 

Cd    +0.393 

Mn    -fO.496 

Mn   +0.555 

Zn    +0.615 

Zn 

Mn   +0.235 

Al     - -0.321 

Al     - 

-0.281 

Al     +0.255 

Cd 

—0.309 

Al     +0.132 
Pb    +0.090 

Pb    --0.077 

Pb   - 

-0.125 

Cd    +0.173 

Al 

—0.304 
—0.124 

Cd    --0.064 

Cd    +0.086 

Pb    -F0.096 

Pb 

Sn     +0.044 

Cu    —0.005 

Co    - 

-0.014 

Co    —0.025 

Fe 

—0.020 

Cu    +0.022 

Co    —0.031 

Cu   - 

-0.045 

Cu    —0.088 

Co 

—0.123 

Co    —0.025 

Sn     —0.087 

Sn     —0.124 

Sn     —0.137 

Sn 

—0.170 

Ni     -0.139 

Fe    —0.171 

Fe    - 

-0.162 

Fe    —0.156 

Bi 

-0.300 

Sb     —0.135 

Sb     —0.189 

Sb     - 

-0.203 

Sb     —0.357 

Sb 

—0.302 

Bi     —0.148 

Ni     -0.208 

Ni     - 

-0.237 

Ni     —0.357 

Cu 

—0.345 

Hg    -0.662 

Bi     —0.208 

Bi     -0.255 

Bi     —0.376 

Ni 

—0.384 

Ag    —0.175 

Hg    —0.379 

Hg    - 

-0.467 

Cr     —0.491 

Ag 

—0.443 

Cr     —0.187 

Ag    —0.404 

Cr     —0.467 

Ag    —0.498 

Cr 

—0.508 

All    —0.264 

Pt     —0.417 

Pt     - 

-0.499 

Hg    —0.517 

Pd 

—0.564 

Fe    -0.285 

Cr    -0.448 

Ag    - 

-0.506 

Pt     —0.567 

Hg 

—0.593 

Pd    —0.322 

Pd    -0.454 

Au    - 

-0.567 

Pd    —0.567 

Pt 

—0.611 

pt     —0.374 

Au    -0.473 

Pd     -0.585 

Au    —0.588 

Au 

-0.627 

C       —0.727 

C       -0.693 

C       - 

-0.694 

C       —0.648 

C 

—0.640 

In  order  to  compare  these  results  with  those  of  N'eumann,"  who 
measured  the  differences  of  potential  between  metals  and  aqueous 
solutions  of  their  salts,  the  values  he  found  are  given  in  Table  8. 


TABLE  8.^  Volts. 

Magnesium +  1  •  331 

Aluminum -|-  1 .  015 

Manganese +  0  •  824 

Zinc -f  0 .  503 

Cadmium 4-  0 .  174 

Iron -f  0 .  087 

Cobalt — 0.015 

Nickel —  0 .  020 

Lead — 0.095 


6.  Zeit.  Physik.  Chem.  14,  229    (1894). 

7.  This  table  is  taken  from  Neumann's  paper,  Zeit.  Physik.  Chem.  14, 
229  (1894).  The  values  recorded  were  obtained  with  the  solutions  of  the 
chlorides  of  the  metals  except  in  the  case  of  Cu.  Hot  and  Ag  where  the 
sulphates  were  used.  The  solutions  of  the  chlorides  of  Bi,  Sb,  and  Sn  con- 
tained excess  of  acid. 
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Table  8 — {Continued).  Volts. 

Bismuth —  0.315 

Antimony —  0 .  376 

Tin —  0 .  085 

Copper —  0 .  515 

Mercurv —  0 .  980 

Silver —0.974 

Palladium —  1 .  066 

JMatinum —  1 .  140 

Gold —1.356 

Comparing  the  values  in  the  first  column  of  Table  7  with  those 
in  Table  8,  it  appears  that  the  one-tenth  normal  lithium  chloride 
solution  in  p3ridine  is  less  positive  toward  Mg,  Zn,  Mn,  Al,  Vo,  Xi, 
and  Fe  than  are  the  aqueous  solutions  of  salts  of  these  metals, 
whereas  for  all  the  other  metals  the  reverse  is  the  case.  In  column 
5,  Table  7,  the  values  for  Mg,  Mn,  Al,  Fe,  Co,  and  Xi  show  that 
toward  these  metals  the  one-tenth  normal  lithium  chloride  solution 
in  water  is  less  positive  than  are  the  aqueous  solutions  of  their 
salts  (compare  Table  8),  Avhereas  the  reverse  is  true  of  the  other 
metals.  And  again,  when  columns  2  to  4,  Table  7,  are  compared 
with  Table  8  the  same  will  be  observed  for  the  metals  just  men- 
tioned. Bearing  in  mind  that  the  lithium  chloride  content  of  the 
solutions  in  Table  7  remains  constant  and  that  these  lithium  chlor- 
ide solutions  are  more  positive  toward  the  metals  just  mentioned 
and  less  so  toward  the  other  metals,  than  are  the  solutions  of  the 
sfilts  of  the  metals  toward  the  latter  (Table  8),  it  seems  natural 
to  conclude  that  the  effect  noted  is  due  largely  to  the  substitution 
of  the  lithium  chloride  for  the  salts  of  the  metals. 

A  comparison  of  columns  1  and  5,  Table  7,  shows  clearly  the 
striking  effect  which  a  substitution  of  pyridine  for  water  produces 
on  the  electrochemical  series,  and  also  on  the  absolute  values  of  the 
potentials.  The  intermediate  columns  2  to  4  show  by  what  grada- 
tions the  values  of  column  1  pass  into  those  of  column  5.  These 
effects  are  different  for  different  metals  as  is  shown  by  the  accom- 
panying Figure  1,  in  which  ordinates  represent  differences  of  poten- 
tial and  abscissas  per  cent  of  water  by  volume  contained  in  the 
solvent  used. 

Tt  is  interesting  to  note  in  Table  7  that  magnesium  maintains 
itself  at  the  head  of  the  series  throughout  and  carbon  remains  at 
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Percent  of  Water  in  Solvent 

Fig.  1.— Diagram   rNDicATiNG  effect  on  relative  e.m.f.    of  varying 

PERCENTAGES  OF  WATER  IN  SOLVENT. 
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the  foot,  while  the  other  metals  suffer  great  displacements  in  some 
cases,  and  lesser  ones  in  others.  The  absolute  values  of  the  poten- 
tials in  columns  1  and  5  in  Table  7  are  in  general  quite  different. 
In  the  pyridine  solution  the  potentials  are  distributed  over  a  smaller 
range,  +0.638  for  Mg  and  —  0.374  for  Pt  or  a  total  difference  of 
1.012;  while  in  the  aqueous  solution  the  difference  is  +  1.090  for 
Mg  and  —  0.611  for  Pt,  or  a  difference  of  1.704,  being  a  very 
material  difference  indeed.  This  is  well  brought  out  graphically  in 
Figure  7. 

Toward  the  noble  metals  the  pyridine  solution  is  more  positive 
than  the  aqueous  solution  (compare  columns  1  and  5,  Table  7). 
This  is  on  the  whole  what  one  would  expect  considering  what  is 
known  concerning  the  affinity  which  these  metals  have  for  the  ele- 
ments of  water  on  the  one  hand,  and  for  pyridine  on  the  other. 
I'erhaps  the  most  notable  displacement  of  any  metal  in  the  series 
is  that  of  iron.  In  column  1,  Table  7,  it  stands  below  gold,  whereas 
in  column  o  it  is  next  to  lead.  A  solution  of  silver  nitrate  in 
pyridine  may  be  boiled  in  contact  with  iron  without  precipitating 
the  silver  or  even  tarnishing  the  iron.  This  is  quite  in  harmony 
with  the  electromotive  behavior. 

The  difference  of  potential  between  a  metal  and  a  solution  may 
then  vary  very  greatly  with  a  change  in  the  solute  as  well  as  with  a 
change  in  the  solvent;  and  since  this  variation  differs  in  the  case  of 
different  metals  for  one  and  the  same  change  in  the  electrolyte, 
either  as  to  direction  or  magnitude,  or  both,  the  electrochemical 
series  of  the  metals  is  frequently  subject  to  relatively  very  con- 
siderable variations,  and  must  not  be  regarded  as  something  even 
fairly  constant.  The  work  of  earlier  experimenters,  such  as  Fech- 
ner,  de  la  Kive,  Faraday  and  Wheatstone,  and  in  more  recent  years 
the  measurements  of  Sylvanus  P.  Thompson,  all  of  which  were 
made  with  aqueous  solutions,  serve  to  illustrate  and  to  emphasize 
the  same  fact.  A  clear  recognition  of  these  changes  in  the  eleetro- 
cliemical  series  is  of  great  importance  in  electrochemical  practice, 
particularly  in  the  electrolytic  separation  of  the  metals. 

A  further  detailed  study  of  the  differences  of  potential  betweeD 
metals  and  electrolytes  from  the  stand-point  of  the  chemical  affinitv 
existing  between  the  metal  and  the  electrolyte  as  the  determining 
factor  is  being  made  in  this  laboratory ;  for  though  —  since  Fara- 
day's law  holds  for  all  electrolytes  as  far  as  known  at  present  — 
the  difference  of  potential  between  a  metal  and  an  electrolyte  is 
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recognized  as  a  measure  of  the  chemical  affinity  existing  oe- 
tween  them,  the  electromotive  forces  have  not  been  foreshadowed 
from  the  affinities  involved.  The  Helmholtz-Gibbs  formula,  to  be 
sure,  enables  one  to  calculate  the  electromotive  force  of  a  cell  from 
a  knowledge  of  its  temperature  coefficient  and  of  the  thermal 
changes  which  accompany  the  chemical  reaction  that  takes  place 
in  the  cell  when  the  circuit  is  closed. 

Discussion. 

Dr.  W.  D.  Bancroft  (Chairman)  :  In  deducing  the  van't  Hoff-Raoult 
formula  we  remove  from  the  solution  a  certain  amount  of  the  solvent  by 
means  of  a  semipermeable  membrane  and  the  assumption  is  made  explicitly 
that  there  is  no  specific  affinity  between  the  solvent  and  the  solute  under 
these  circumstances.  These  experiments  of  Mr.  Kahlenberg  seem  to  show 
that  such  an  affinity  does  exist,  and  in  that  case  it  seems  to  me  that  these 
experiments  throw  a  good  deal  of  doubt  on  our  present  manner  of  deter- 
mining molecular  weights  and  solutions — a  conclusion  of  course  which 
does  not  terrify  Mr.  Kahlenberg  in  any  respect. 

Dr.  H.  E.  Patten  :  Granting  Doctor  Kalilenberg's  point  that  we  have 
an  affmity  beween  solvent  and  solute,  this  affinity  is  measurable  by  the 
heat  of  union,  and  can  be  converted  into  volts.  While  it  is  true  that  the 
e.m.f.  varies  from  solvent  to  solvent,  it  can  be  discussed  in  terms  of  the 
heat  of  union  between  the  solute  and  solvent  for  the  particular  concen- 
tration of  electrolyte  used.  That  nas  not  been  done  here  for  the  very  good 
reason  that  thermal  data  are  not  yet  at  hand.  Of  course  we  are  limited 
by  our  inability  to  account  adequately  for  the  "  bound  energy,"  as 
Professor  T.  W.  Richards  states  in  his  paper  on  the  Relation  of  the  Hy- 
pothesis of  Compressible  Atoms  to  Electrochemistry,  presented  yesterday; 
still  much  value  attaches  to  discriminating  use  of  heats  of  reaction  and 
of  solution. 

For  example,  the  single  potential  of  aluminum  against  lithium  chloride 
in  water  is  given  as  -f- 0.204  volt,  and  nowhere  in  Fig.  1  rises  above  +0.321 
volt.  In  table  1,  page  74,  Vol.  V,  Transactions  of  the  American  Electro- 
chemical Society,  Mr.  Mott  gives  +  1.45  volt  as  an  experimental  value  for 
the  single  potential  of  aluminum,  against  aqueous  aluminum  chloride, 
derived  from  tlie  decomposition  A'oltage  of  aluminum  chloride  3.45,  as  deter- 
mined between  platinum  electrodes.  The  low  value  given  by  Doctor  Kahlen- 
berg is  almost  certainly  due  to  a  film  upon  the  aluminvmi.  Aluminum 
gives  from  0.8  to  0.65  volt  against  platinum  in  aluminum  bromide  dis- 
solved in  ethyl  bromide  for  the  total  cell ;  but  if  a  current  be  passed  for 
a  time  with  the  aluminum  as  cathode  and  the  e.m.f.  of  the  cell  then 
measured,  its  total  voltage  is  some  2.3  volts,  and  the  true  single  potential 
of  aluminum  against  this  solution  is  seen  to  be  +1.1  volt.  Aluminum 
deposited  from  this  solution  shows  the  same  single  potential,  +  1.1  volt. 
Under  proper  conditions,  then,  it  is  possible  to  get  the  single  potential  of 
aluminum  fairly  well  defined. 
Vol.  it  — 5 
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Prof.  Louis  Kaiilenberg  :  Concerning  the  question  of  semipermeable 
membranes,  1  should  like  to  state  that  during  the  past  year  I  have 
given  this  matter  careful  attention  and  have  found  that  osmosis  is  really 
due  to  aflinity.  Semipermeable  membranes,  so  called,  do  have  affinity  for 
solvents  which  they  permit  to  pass.  In  my  opinion  there  is  good  evidence 
for  assuming  that  substances  dissolve  because  they  have  affinity  for  the 
solvent  and  the  solvent  has  affinity  for  them. 

With  regard  to  the  remarks  of  Doctor  Patten,  I  should  like  to  say  that 
he  has  simply  gi-ven  us  his  ideas  as  to  how  the  problem  might  be  investi- 
gat€d  further. 

As  to  the  single  potential  of  aluminum,  it  is  a  well-known  fact  that 
the  figures  ordinarily  found  in  textbooks  are  quite  high.  The  potential 
as  actually  found  in  practice  is  usually  relatively  low,  which  fact  is  fre- 
quently explained  by  the  assumption  that  oxide  films  form  on  the  plate. 
We  might  very  w^ell  consider  that  the  question  of  the  exact  potential  of 
aluminum  is  still  a  debatable  one. 

The  following  papers  were  read  in  the  absence  of  the  authors  by  the 
section  secretary. 


THE  LEAD  VOLTAMETER. 


BY  ANSON  G.  BETTS  AND  DR.  EDWARD  F.  KERN. 


The  voltameters  which  are  employed  for  measuring  the  amount 
of  electricity  passing  through  an  electric  circuit  are  the  silver 
voltameter,  the  copper  voltameter  and  the  oxy-hydrogen  or  detonat- 
ing gas  voltameter.  These  are  named  in  the  order  of  their  scientific 
importance. 

Since  there  is  the  least  possibility  of  complications  occurring  in 
the  deposition  of  silver  from  a  concentrated  neutral  solution  of 
silver  nitrate,  due  to  the  monovalency  of  silver,  the  results  obtained 
by  using  the  silver  voltameter  are  accepted  as  the  most  accurate. 
"  This  apparatus  is  universally  recognized  as  the  most  accurate 
instrument  of  its  class."  (Oettel's  "Exercises  in  Electrochem- 
istry," p.  19.) 

Before  taking  up  the  experimental  part  of  this  paper,  a  short 
account  of  the  silver  voltameter  is  given,  as  it  is  the  standard 
apparatus  with  which  the  lead  voltameter  was  compared. 

"  The  uniform  results  obtained  in  the  electrolysis  of  a  concen- 
trated neutral  solution  of  silver  nitrate  have  lead  to  the  adoption 
of  the  silver  voltameter  as  the  standard  instrument  for  measuring 
electric  currents."  (Carhart's  "  University  Physics,"  p.  260.)  "It 
is  not  employed  for  currents  much  larger  than  1  ampere,  because 
of  the  high  cost  of  the  material  used  for  constructing  the  apparatus." 
For  larger  currents  the  copper  voltameter  is  employed. 

The  results  obtained  by  the  use  of  the  copper  voltameter  are  not 
so  uniform  as  those  obtained  by  the  silver  voltameter,  because  the 
electrochemical  equivalent  of  copper  is  so  small,  and  also  because 
the  weight  of  copper  deposited  is  a  function  of  the  temperature  and 
of  the  current  density  at  the  cathode.  But  for  ordinary  current 
measurements,  the  copper  voltameter  is  employed,  as  it  has  been 
found  that  with  current  densities  of  1.5  to  14  amperes  per  sq.  ft. 
of  cathode  exposure,  the  results  are  fairly  accurate,  enough  so 
for  ordinary  experimental  purposes,  and,  besides,  it  is  an  inexpen- 
sive apparatus. 

[67] 
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"  The  high  equivalent  weight  of  silver  and  the  fact  that  a  very 
considerable  quantity  of  metal  is  precipitated  by  comparatively 
feeble  electric  currents  reduces  the  error  of  weighing  the  deposit 
to  a  minimum.  The  disadvantage  which  must  be  recognized  in 
using  the  silver  voltameter  is  that  the  silver  is  greatly  inclined  to 
separate  as  crystals,  which  are  loosely  attached  to  the  cathode; 
consequently,  strong  currents  cannot  be  sent  through  the  apparatus 
for  any  length  of  time  without  the  possibility  of  some  of  the  depos- 
ited silver  becoming  detached.  The  electrolyte  recommended  is  a 
moderately  concentrated  neutral  solution  of  silver  nitrate,  about 
15  to  20  grams  of  pure  silver  nitrate  in  100-cc  solution.  The 
anode  is  a  bar  of  pure  silver,  wrapped  with  muslin  or  filter  paper, 
and  the  cathode  is  eitjier  a  sheet  of  silver  or  a  platinum  dish." 
(Oettel's  "Electrochemical  Experiments,"  p.  38.) 

Prof.  Barker  wrote  that  "  it  is  evident  that  the  results  obtained 
by  using  a  voltameter  for  measuring  electric  currents  will  be  the 
more  accurate  in  proportion  as  the  electrochemical  equivalent  of 
the  ion  employed  is  higher."  In  most  precise  voltametric  work, 
therefore,  the  silver  voltameter  is  preferred,  since  the  chemical 
equivalent  weight  of  silver  is  107.93.  As  a  precaution  he  recom- 
mends that  "  the  strength  of  current  w'hich  is  allowed  to  pass 
through  the  apparatus  should  not  exceed  5  milliamperes  per  sq.  cm 
cathode  surface"  (about  5  amperes  per  sq.  ft.).  (Barker's 
"Physics,"  p.  745.)  In  practice,  however,  a  current  density 
of  9  amperes  per  sq.  ft.  cathode  exposure  is  employed  by  the  \Vest- 
inghouse  Electric  Company  for  calibrating  electrical  measuring 
instruments.     (U.  of  T.  Record,  Yo\.  IV,  p.  237.) 

Up  to  witliin  the  past  two  or  three  years  the  result?  obtained  by 
using  the  silver  voltameter  were  thought  to  be  accurate,  but  since 
then  a  number  of  experimenters  have  conducted  careful  researches 
for  the  purpose  of  finding  inaccuracies  which  are  apt  to  occur  in 
using  this  apparatus.  Several  years  ago  the  Reichsanstalt  carried 
out  a  careful  research  and  found  that  a  source  of  error  in  using 
a  silver  voltameter  was  due  to  too  great  current  density,  and  also 
to  change  of  acidity  or  alkalinity  of  the  electrolyte,  caused  by  sec- 
ondary reactions  at  the  electrodes.  {Electrocliemical  Industry, 
Vol.  I,  p.  36.) 

Modifications  of  the  silver  voltameter  have  been  described  by 
Farup  (Zeit.  f.  FAcdro-Chomic,  Aug.  14,  1902)  and  by  T.  W. 
Richards,  who  found  that  with  the  ordinary  type  of  silver  voltameter 
the  results  obtained  were  not  quite  satisfactory.     Richards  pointed 
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out  that  the  main  trouble  arises  from  the  formation  of  complex  ions 
at  the  anode,  and  which,  when  transported  to  the  cathode,  deposits 
too  much  silver.  This  he  prevented  by  using  a  fine-grained  porous 
cup  for  the  anode  compartment.  Leduc  stated  that  he  hoped  to 
prevent  the  formation  of  the  disturbing  complex  ion  by  having  a 
small  current  density  at  the  anode.  (Electrochemical  Industry, 
Vol.  II,  p.  288.) 

In  the  Physical  Review  of  June,  1904,  K.  E.  Guthe  describes  a 
series  of  experiments  which  he  made  in  order  to  compare  the  differ- 
ent forms  of  silver  voltameters.  He  found  that  "  the  usual  form 
of  silver  voltameter  is  not  a  very  reliable  instrument  for  measuring 
quantities  of  electricity,  but  that  the  Eichards  porous-cup 
voltameter  is  the  most  satisfactory  form  for  the  purpose."  {Elec- 
trochemical Industry,  Vol.  II,  p.  288.) 

Judging  from  the  results  obtained  by  these  able  experimenters 
and  by  several  others,  the  inaccuracies  resulting  from,  using  the  sil- 
ver voltameter  are  very  small  and  for  general  purposes  need  not  be 
considered.  "  The  variation  of  the  electrochemical  equivalent  of 
silver  is  from  0.011156,  obtained  by  Mascart,  to  0.011195  obtained 
by  Pellat  and  Leduc.  G.  Van  Dijk  and  J.  Kunst  found  the  mean 
value  of  24  experiments  to  be  0.0111818,  which  the  authors  believe 
to  be  accurate  to  within  one  part  in  10,000."  {Electrochemical 
Industry,  Vol.  II,  p.  117.) 

For  measuring  the  current  for  ordinary  purposes,  such  as  the 
calibration  of  electrical  instruments  and  for  finding  the  electro- 
efficiency  of  electro-chemical  experiments,  such  accuracy  as  men- 
tioned above  need  not  be  considered.  This  extreme  accuracy  need 
only  he  considered  in  establishing  the  standard  ampere  and  coulomb, 
and  for  comparison  in  the  determination  of  atomic  weights  of  the 
metals  by  electrolysis. 

"iVfter  all,  the  silver  voltameter  with  its  faults  must  be  consid- 
ered a  standard  instrument  for  measuring  electric  current  until 
something  better  has  been  devised.  In  the  meantime  any  of  the 
much  needed  improvements  in  it  will  be  welcomed."  {Ehctro- 
chemical  Industry.  Vol.  I.  p.  73.) 

It  is  not  the  intention  of  the  authors  of  this  paper  to  t'^y  to  re- 
place the  silver  voltameter  by  the  lead  voltameter,  but  to  describe 
the  lead  voltameter,  and  show  wherein  it  possesses  features  which 
might  be  a  means  of  its  replacing  the  copper  voltameter  for  tech- 
nical purposes,  such  as  calibrating  electrical  instruments  and  for 
comparison  of  electroefficiency  of  electrochemical  rpethods. 
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The  advantages  wliich  the  silver  voltameter  poss(>sses  over  the 
copper  voltameter  are,  that  the  electroequivalent  weight  of  silver 
is  almost  three  and  one-half  times  as  large  as  that  of  copper,  and 
that  copper  forms  two  compounds,  in  one  of  which  the  valency  is 
twice  as  great  as  in  the  other.  Under  certain  conditions  of  current 
density  and  temperature  the  copper  compound  of  lower  valency  is 
formed,  in  which  case  the  amount  of  copper  deposited  is  too  great. 
Silver  also  gives  less  trouble  than  copper,  because  the  plates  are  less 
liable  to  oxidation.  For  ordinary  purposes,  however,  the  copper 
voltameter  is  sufficiently  accurate,  when  the  requirements  as  regards 
current  density,  temperature  and  composition  of  electrolyte  are 
followed.  Its  general  use  is  due  principally  to  its  being  inexpen- 
sive, and  also  that  the  deposit  which  forms  is  smooth ;  so  that  short- 
circuiting  due  to  growth  of  crystals  does  not  occur,  which  property 
allows  of  its  being  left  in  the  circuit  for  any  length  of  time. 

It  has  been  found  that  the  limits  of  current  density  in  the  copper 
voltameter  are  from  0.6  ampere  to  14  amperes  per  sq.  ft.  (O.OG 
to  1.0  ampere  per  sq.  dm.)  of  cathode  surface  exposure. 
By  keeping  within  these  limits,  and  by  giving  due  attention  to 
temperature,  to  composition  of  electrolyte,  and  to  having  good  cir- 
culation of  tlie  electrolyte,  tlie  results  obtained  by  its  use  are  suffi- 
ciently accurate  for  general  purposes.  (Elb's  "  Electrolytic  Prepa- 
rations," p.   ?;   Oettel's  "Electrochemical  Experfments."  p.   40.) 

A  glance  at  a  table  of  electroequivalent  weights  of  the  metals 
will  show  that  the  metals  which  are  deposited  as  solid  metal  on  the 
cathode,  and  which  possess  high  electroequivalent  weights  are  silver 
(107.93),  lead  (103.46)  and  mercury  (100.00).  The  first  two 
metals  on  account  of  forming  hard  solid  cathode  deposits  are  well 
suited  for  voltameters. 

The  Lead  Voltameter. 

We  are  not  aware  that  lead  has  ever  been  employed  as  a  volta- 
meter for  measuring  electric  currents  by  any  one  except  ourselves. 
Previous  to  the  invention  of  the  Betts  process  of  refining  lead 
alloys,  the  crystalline  non-adherent  deposit  which  forms  on  the 
cathode  in  the  ordinary  solutions  was  not  suited  for  voltametric 
measurements.  One  of  the  claims  of  the  Betts'  patent  is  the  forma- 
tion of  a  smooth,  dense,  coherent,  solid  deposit  of  lead  on  the 
cathode  in  an  acid  solution  of  lead  fluosilicate,  which  contains  an 
organic  reducing  agent,  such  as  gelatine,  glue  or  pyrogallol,  etc. 
This  solution  has  been  used  constantly  for  over  two  years  in  the  re- 
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finery  at  Trail,  British  Columbia.  It  is  an  inexpensive  solution^ 
easily  prepared,  and  easily  maintained.  It  conducts  the  current 
well,  is  non-volatile  and  is  stable  ujider  electrolysis,  which  properties' 
make  it  a  suitable  electrolyte  for  a  voltameter.  It  also  possesses  the 
property  that  under  ordinary  conditions,  when  a  soluble  anode  is 
used,  no  lead  peroxide  is  formed,  because  the  electrical  potential 
required  is  so  low,  being  in  the  proximity  of  0.18  volt  for  con- 
centrated solutions  and  about  0.40  volt  for  very  dilute  solutions, 
when  using  a  current  density  of  10  to  15  amperes  per  sq.  ft. 

Several  months  ago  the  lead  voltameter  was  compared  by  one 
of  us  with  the  copper  voltameter,  and  the  results  were  such  that  the 
lead  voltameter  has  since  been  employed  in  our  laboratory  for 
measuring  current  efficiencies  of  electro-chemical  experiments. 

The  results  given  in  this  paper  are  those  obtained  by  comparing 
the  lead  voltameter  with  tlie  silver  voltameter. 

Experimental   Part. 

The  lead  electrolyte  Avas  prepared  by  treating  ordinary  white 
quartz  with  commercial  h^^drofluoric  acid  (30  per  cent  acid)  form- 
ing a  solution  of  hydro-fluo-silicic  acid  (lioSiFg).  Heating  the 
solution  of  hydrofluoric  acid  caused  more  rapid  solution  of  the 
quartz.  White  lead  (basic  lead  carbonate)  was  added  to  the  solu- 
tion in  the  required  quantity.  It  dissolved  rapidly  ?jid  completely 
with  effervescence,  and  any  hydrofluoric  acid  which  did  not  react 
with  the  silica  formed  an  insoluble  precipitate  of  lead  fluoride, 
M'hich  was  filtered  off.  Lead  fluo-silieate  is  a  very  soluble  salt.  It 
dissolves  in  about  28  per  cent  of  its  weight  of  water  at  20  deg.  C. 
The  crystalline  salt  has  the  composition  PbSiF6.4HoO. 

The  solution  was  diluted  so  as  to  contain  17  grams  of  PbSiF^ 
and  7  grams  of  free  HoSiF,,  in  100-cc  solution.  After  adding  1 
gram  of  gelatine  (dissolved  in  hot  water)  to  2000  cubic  cm 
of  solution,  the  electrolyte  was  rendered  absolutely  pure,  in  re- 
spect to  metals  which  can  deposit  with  load,  by  electrolysing 
for  several  days,  using  electrodes  of  refined  lead.  The  anod^^s 
were  wrapped  with  two  thicknesses  of  clean  linen,  so  as  to 
prevent  the  impurities  from  dropping  off  and  floating  in  the  electro- 
lyte. The  small  amount  of  soluble  impurities  in  the  electrolyte 
was  due  principally  to  the  impurities  in  the  white  lead  used  for 
making  the  solution.  The  electrolysis  was  continued  for  four  da}'^ 
at  temperatures  between  17  deg.  C.  and  57  deg.  C.  using  a  cur- 
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rent  density  at  the  electrodes  of  10  to  12  amperes  per  sq.  ft. 
A  small  amount  of  "  anode  sludge "  remained  behind  and  in 
order  to  prevent  it  from  being  oxidized  by  the  atmosphere  and 
subsequently  going  into  solution^  melted  vaseline  was  poured  on 
the  surface  of  the  electrol3^te.  The  deposit  which  formed  on  the 
cathode  was  smooth,  dense  and  non-crystalline. 

After  purifying  the  electrolyte,  about  800  grams  of  absolutely 
pure  lead  was  made  by  electrolysis,  using  ordinary  refined  lead, 
wrapped  with  clean  linen,  for  the  anodes.  The  refined  lead  which 
was  deposited  on  the  cathode  was  further  refined  by  reversing 
the  current  and  redepositing  it  on  new  cathodes.  The  solution  was 
protected  from  the  atmosphere  by  a  covering  of  melted  vaseline. 
The  purified  lead  was  melted,  cast  into  a  thin  plate  and  then  rolled 
into  sheets  about  1/32  in.  to  1/16  in.  thick.  The  sheets  were  cut 
into  strips  of  suitable  size  and  used  as  anodes  for  the  lead  voltameter. 
No  residue  was  left  on  dissolving  the  purified  anodes  by  electrolysis. 

The  silver  voltameter,  which  was  used  as  the  standard  for  com- 
parison, was  a  glass  beaker  containing  500  cubic  cm  of  a  15  per  cent 
concentrated  neutral  solution  of  silver  nitrate.  The  anodes  were 
four  rods  of  repurified  silver,  5/8  in.  wide  by  3/16  in.  thick,  and 
an  average  length  of  4  ins.  giving  a  total  active  surface  exposure 
of  12  sq.  ins.  (one  side  and  two  edges).  The  anodes  were 
loosely  wrapped  with  3  thicknesses  of  clean  linen,  serving  the 
double  purpose  of  a  porous  compartment  and  to  prevent  any 
particles  of  silver  from  dropping  off.  The  cathode  was  a  sheet 
of  platinum,  having  an  exposure  of  3  ins.  x  3  1/2  ins.,  or  a  total 
exposure,  both  sides,  equal  to  21  sq.  ins.  The  electrolyte  at 
start  and  at  finish  of  the  experiments  was  neutral  to  fresh  litmus 
paper. 

The  lead  electrolyte  used  for  the  first  series  of  experiments 
contained  13  1/2  per  cent  of  lead  fluo-silicate  (PbSiFc)  and  6  1/2 
per  cent  of  free  hydro-fluo-silicic  acid  (HoSiFp,).  It  was  prepared 
by  diluting  the  purified  electrolyte  and  then  precipitating  the  excess 
of  lead  by  pure  sulphuric  acid.  The  anodes  were  strips  of  the 
purified  lead.  Two  glass  beakers,  each  containing  500  cubic  cms 
of  the  electrolyte,  served  as  voltameters.  (The  action  of  the  electro- 
lyte on  glass  is  small  and  the  solution  in  a  short  time  loses 
its  originally  small  solvent  action  on  glass.  It  may  be  kept 
in  glass  bottles.)  The  two  lead  voltameters  were  connected  in  series 
with  the  silver  voltnmetor.  and  for  convenience  of  approximately 
determining  the  current,  an  ammeter  was  also  placed  in  the  circuit. 
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The  electrochemical  equivalents  of  silver  and  lead  which  wore 
used  are  those  given  by  Carl  Ilcring  in  the  Electrochemical 
Industry,  Vol.  I,  p.  170:  Silver  =  0.001118  grams  per  coulomb, 
and  lead  =  0.0010717  grams  per  coulomb.  Compared  with  the 
atomic  weight  of  oxygen  =  IG. 00,  the  atomic  weight  of  silver  = 
107.93,  and  that  of  lead  =  206.92,  which  gives  the  electroequiva- 
lent  weight  of  lead  =  103.46.  These  values  give  4.025  grams  of 
silver  and  3.858  grams  of  lead  per  ampere  hour.  The  value  for 
silver  is  that  which  was  adopted  by  the  International  Electrical 
Congress  of  Chicago,  1893. 

Notes. 

The  three  voltameters  (one  silver  and  two  lead)  v.'ere  arranged 
side  by  side  and  were  connected  in  series.  All  the  electrodes,  ex- 
cept the  silver  anodes,  were  attached  to  a  strip  of  liard  wood  hy 
means  of  binding-posts.  This  arrangement  allowed  all  of  the 
electrodes  being  placed  in  their  respective  electrolytes  at  the  same 
instant,  and  also  being  removed  and  instantly  submerged  into 
beakers  of  distilled  Avater  (free  from  chlorides)  which  w^ere  placed 
directly  back  of  the  voltameters.  The  cathodes  were  at  once  de- 
tached from  the  strip,  rinsed  with  distilled  water,  then  with  alcohol, 
allowed  to  drain  and  then  carefully  dried  over  a  low  Bunsen  flame. 
They  were  placed  in  a  desiccator  over  sulphuric  acid,  and  as  soon  as 
cool  were  weighed.  The  lead  anodes  were  washed,  dried  and 
weiglied  in  the  same  manner. 

Voltameter  A  in  experiments  No.  1,  No.  3  and  No.  4,  and 
voltameter  B  in  experiment  No.  2  contained  oner  anode  and  one 
cathode,  one  side  of  each  exposed  to  electrolytic  action.  The  size 
of  each  electrode  was  2-J  ins.  x  4^  ins. ;  the  surface  exposed  to  elec- 
trolytic action  was  9  sq.  ins.  The  distance  between  electrodes  was 
1  in. 

In  all  the  other  experiments,  2  anodes  and  1  cathode  was 
used.  The  size  of  the  anodes  was  2^  ins.  x  4^  ins. ;  the  surface 
exposed  to  electrolytic  action  was  16  sq.  ins.  The  distance  between 
electrodes  was  1  in. 

The  cathodes  used  in  voltameter  B  in  experiments  No.  1  and 
No.  2,  and  both  voltameters  in  experiments  No.  3  and  No.  4, 
were  strips  of  lead,  size  2^  ins.  x  4-^  ins.  They  were  suspended  in 
the  electrolyte  so  that  the  active  surface  exposure  on  one  side  was 
2\  ins.  X  3|  ins.,  or  8f  sq.  ins.  At  the  surface  of  the  solution  where 
the  lead  was  exposed  to  atmospheric  action  it  was  slightly  etched. 
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In  tlie  other  experiments  No.  5  to  No.  8  and  No.  11  to  No.  14  the 
cathodes  were  exactly  3^  ins.  long  and  were  suspended  ^  in. 
below  the  surface  of  the  electrolyte  by  a  thin  strip  of  metal 
about  I  in.  wide.  This  arrangement  prevented  the  cathodes  from 
being  etched  at  the  surface  of  the  electrolyte  where  oxidizing 
action  of  the  atmosphere  takes  place. 

A  thin  sheet  of  copper,  size  2^  ins.  x  3^  ins.,  was  used  as  cathode 
in  the  lead  voltameter  A  in  experiments  No.  1,  No.  2,  No.  5,  No.  6, 
No.  11  and  No.  12.  It  was  suspended  below  the  surface  of  the  elec- 
trolyte by  a  thin  strip  of  sheet  copper  ^  in.  wide.  It  was  found 
that  there  is  no  action  of  the  electrolyte  on  the  copper  so  long 
as  it  is  the  cathode  and  a  current  is  passing.  The  deposit  of  lead 
which  formed  on  it  was  just  as  smooth  and  as  dense  as  that  which 
formed  on  a  strip  of  lead.  This  indicates  that  the  copper  was  not 
dissolved,  Avhich  might  be  expected  as  copper  stands  so  much  lower 
than  lead  in  e.m.f.  series.  Copper,  however,  is  dissolved  by  an 
acid  solution  of  lead  fluo-silicate  when  the  solution  containing 
a  piece  of  metallic  copper  is  allowed  to  stand  exposed  to  the 
atmosphere.  The  only  advantage  which  the  copper  cathode  pos- 
sessed is  that  a  much  thinner  strip  of  metal  was  used,  thereby 
decreasing  the  weight,  which,  when  using  a  delicate  balance,  was 
an  advantage. 

In  all  the  experiments,  except  voltameter  A,  experiments  No.  1, 
No.  2,  No.  3  and  No.  4,  two  anodes  and  one  cathode  were  used. 
This  arrangement  was  found  to  be  the  most  satisfactory. 

The  cathodes  used  for  experiments  No.  7,  No.  8,  No.  13  and 
No.  14  were  strips  of  thin  sheet  lead,  size  1  in.  x  3  ins.,  giving 
a  surface  exposure  (both  sides)  of  6  sq.  ins.,  or  a  current  density 
of  15  to  37  amperes  per  sq.  ft.  They  were  suspended  below  the 
surface  of  the  electrolyte  by  a  thin  strip  of  lead  3/16  of  an  in.  wide. 
The  anodes  for  these  experiments  were  strips  of  the  purified  lead 
size  2J  ins.  x  3^  ins.,  giving  a  surface  exposure  of  16  sq.  ins. 

In  experiment  No.  8  when  a  current  density  of  37  amperes  per 
sq.  ft.  of  cathode  exposure  Avas  run,  the  deposit  was  dense  and 
smooth,  except  on  the  edges  where  it  precipitated  as  small  warty 
formation.  These  lumps,  however,  were  sufficiently  coherent  so 
as  not  to  be  detached  during  washing,  drying  and  weighing  the 
cathode. 

When  a  currrnt  of  30  amperes  per  sq.  ft.  of  cathode  ex- 
posure is  passed  through  the  stronger  electrolyte,  a  sinooth  dense, 
non-cryptallinc  deposit  formed.     A  current  density  of  27  amperes 
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per  sq.  ft.  was  used  in  experiment  Xo.  7  and  the  deposit  was 
perfectW  smooth  and  dense;  only  at  the  two  lower  corners  was 
there  any  inclination  to  roughness. 

An  electrolyte  containing  8i  per  cent  of  lead  fluo-silicate  and  2^ 
per  cent  of  free  hydro-fluo-silicic  acid  (6  per  cent  SiFg  and  5  per 
cent  lead)  was  used  for  experiments  No.  11,  No.  12,  No.  13,  No.  14, 
No.  15  and  No.  IG.  In  all  these  experiments,  except  No.  13,  the 
deposit  on  the  cathode  was  smooth,  dense  and  non-crystalline. 
In  experiment  No.  13,  when  a  current  density  of  22  amperes 
per  sq.  ft.  of  cathode  exposure  was  used,  the  deposit  was  smooth 
{lUd  dense,  except  on  the  edges  where  it  had  a  rough  warty  forma- 
tion. This  shows  that  the  more  dilute  the  electrolyte,  the  less 
is  the  upper  limit  of  current  density. 

Platinum  cylinders,  2  ins.  higii  and  G  ins.  circumference,  were 
used  as  cathodes  in  the  silver  voltameter,  and  in  the  lead  volta- 
meter in  experiments  No.  9,  No.  10,  No.  15  and  No.  16.  The 
cylinders  were  flattened,  forming  a  cathode  measuring  3  ins.  x  2  ins., 
or  a  surface  exposure  of  12  sq.  ins.  The  current  used  in  both 
the  silver  and  the  lead  voltameter  for  these  experiments  was 
about  10  amperes  per  sq.  ft. 

x\ll  the  deposits  of  lead  formed  in  all  the  experiments,  ex- 
cept No.  8  and  No.  13,  were  smooth,  dense,  coherent  and  non-crys- 
talline. The  deposits  were  not  dissolved  from  the  cathodes,  but 
were  formed  one  on  top  of  the  other. 

It  might  be  mentioned  that  the  reason  for  being  so  particular 
about  purifying  the  electrolyte  previous  to  the  experiments,  and 
for  using  such  pure  lead  for  the  anodes  was  so  as  to  be  certain 
that  any  variation  in  the  results  w^ould  not  be  due  to  the  impurities. 
Ordinarily,  such  care  need  not  be  exercised  in  securing  such  pure 
lead  for  the  anodes.  A  good  quality  of  refined  lead  is  sufficiently 
pure  for  general  purposes. 

Conclusions. 

The  better  form  of  voltameter  is  one  with  two  anodes  and 
one  cathode.  Suspend  the  cathode  between  the  two  anodes  and 
below  the  surface  of  the  electrolyte  by  means  of  a  thin  narrow 
strip  of  metal  or  wire,  so  as  to  prevent  the  action  of  the  atmos- 
phere on  the  lead  at  the  surface  of  the  electrolyte.  This  action 
may  also  be  retarded  by  using  an  electrolyte  which  is  less  acid 
than  that  used  in  the  experiments.     Even  with  an  almost  neutral 
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solution  of  load  fluo-silicate  its  conductivity  would  be  sufficiently 
high  for  a  voltameter. 

The  lead  deposit,  unlike  the  silver  deposit,  is  smooth,  dense,  co- 
herent and  non-crystalline.  It  lias  a  density  equal  to  that  of  cast 
lead,  so  that  there  is  no  danger  of  losing  by  washing,  drying  and 
weighing.  The  deposit,  which  forms  even  with  high-current  densi- 
ties (20  to  25  amperes  per  sq.  ft.  of  cathode  exposure  in  a 
fairly  strong  electrolyte)  is  perfectly  smooth,  dense  and  non-crys- 
talline, so  long  as  the  electrolyte  contains  about  one  part  gelatine 
by  weight  in  two  to  four  thousand  parts  of  solution.  With  age  and 
by  use,  the  gelatine  slowly  loses  its  reducing  property.  The  ap- 
pearance of  the  deposit  indicates  when  more  gelatine  is  needed, 
so  that  as  long  as  the  deposit  forms  smooth  and  non-crystalline 
none  need  be  added.  The  gelatine  is  added  by  dissolving  a  small 
quantity  in  hot  water,  and  adding  it  directly  to  the  electrolyte.  The 
moment  it  is  added  the  crystallization  of  the  lead  is  prevented. 

A  glance  at  the  tables  shows  that  the  current  density  used  within 
fairly  great  limits  in  the  lead  voltameter  does  not  effect  the  results. 
In  experiment  No.  8  a  current  density  of  37  an^peres  per  sq. 
ft.  was  employed,  and  the  results  obtained  agreed  as  closely  with 
the  silver  voltameter  as  when  lower-current  densities  were  used. 
The  limit  of  the  current  density  seems  to  be  controlled  by  the 
strength  of  the  electrolyte  and  by  its  circulation.  The  more  dilute 
the  solution  the  less  is  the  limit  of  current  density  which  can  bo 
used.  This  is  shown  by  the  deposits  which  formed  in  experiments 
No.  7,  No.  8,  No.  13  and  No.  14. 

The  lead  voltameter  is  well  adopted  for  obtaining  electrochemical 
efficiencies  of  experiments  which  require  long  duration.  Lead  has 
the  property  in  common  with  copper  in  that  the  deposit,  which 
forms  in  some  electrolytes,  is  perfectly  smooth,  dense  and  non- 
crystalline. It,  however,  possesses  some  advantage  over  copper  in 
that  the  electrochemical  equivalent  of  lead  is  over  three  times  as 
great  as  that  of  copper. 

Of  great  importance  is  the  fact  that  while  an  acid  copper  sul- 
phate solution  in  contact  with  copper  electrodes  contains  varying 
quantities  of  cupreous  sulphate.  Lead  exists  in  the  solutions  only  as 
divalent  ion.  On  this  circumstance  is  founded  our  belief  that  the 
load  voltameter,  properly  used,  will  be  found  of  extreme  accuracy. 

One  advantage  of  lead  over  silver  is  its  cheapness,  so  that  with 
a  small  outlay  a  lead  voltameter  of  any  size  may  be  constructed. 


BETTS  A\D  KIJRX:     LEAD    VOLTAMETER.  7'J 

When  necessary  this  will  serve  as  an  apparatus  for  accurately 
measuring  strong  currents  of  electricity,  as  much  as  100  amperes, 
and  even  more,  the  limit  being  the  size  of  the  apparatus. 

From  an  electrochemical  point  of  view  the  lead  voltameter  also 
has  an  advantage  over  the  silver  voltameter  in  that  lead  stands 
very  high  in  the  e.m.f.  series,  so  that  the  impurities  which  are 
ordinarily  contained  in  refined  lead  will  remain  as  "  sludge  "  on 
the  anode,  whereas  the  purest  silver  is  required  for  the  construc- 
tion of  a  silver  voltameter. 

The  table  shows  that  the  lead  voltameter  compares  very  favor- 
ably with  the  silver  voltameter,  as  the  results  are  within  sufficient 
limit  of  accuracy  for  most  voltametric  work.  In  the  majority  of 
the  measurements  the  electroequivalent  weights  of  the  lead  are 
almost  theoretical.  According  to  the  most  recent  tables,  the 
atomic  weight  of  lead  is  206.92,  which  makes  the  electroequiva- 
lent weight  of  lead  equal  to  103.46.  These  values  in  the  table 
were  obtained  by  the  simple  proportion:  (Weight  of  deposited 
silver)  :    (Weight  of  deposited  lead)=  107.93  :  x. 

The  difference  in  the  amounts  of  lead  dissolved  from  the  anodes 
and  deposited  at  the  cathodes  show  that  oxidation  of  lead  took 
place  to  a  serious  extent,  particularly  when  the  solution  had  not 
had  lead  electrodes  recently  immersed  in  it. 

For  accurate  work-  we  recommend  passing  a  current  of  pure 
carbon  dioxide  through  the  oxygen-free  electrolyte  in  a  covered 
receptacle.  We  do  not  think  any  further  precautions  will  be  neces- 
sary in  washing  and  drying  than  we  have  used.  It  will  be  desirable 
to  use  fresh  polished  cathodes  of  lead  or  copper  each  time  rather 
than  redeposit  metal  on  cathodes  which  have  already  been  used. 
Should  any  oxidation  of  lead  during  drying  take  place  with  the 
formation  of  lead  oxide,  for  example,  the  error  caused  by  dipping 
such  oxidized  metal  into  the  acid  solution  Avould  be  increased  to 
13  times  (or  the  atomic  weight  of  lead  207  divided  by  that  of 
oxygen  16),  the  error  caused  by  the  simple  oxidation. 

This  paper  is  far  from  complete.  More  work  needs  to  be  done 
in  order  to  develop  the  possibilities  of  the  lead  voltameter,  and 
to  find  out  whether  or  not  it  is  an  accurate  instrument.  It  is 
possible  that  it  is  as  accurate  as  the  standard  silver  voltameter, 
and  for  most  purposes  could  be  used  in  its  place.  It  has  cheapness 
and  convenience  of  construction  in  its  favor,  as  well  as  the  forma- 
tion of  dense,  coherent,  non-crystalline  deposits  on  the  cathode. 


CHLOEIXE  IN  METALLURGY. 


BY  JAMES  SWINBURNE. 


The  essence  of  metallurg}^,  as  practised  for  thousands  of  years,  is 
the  reduction  of  the  oxide  of  the  coveted  metals  with  carbon,  as 
such  or  as  monoxide.  Some  metals,  notably  iron,  exist  in  nature 
read}'  as  oxide,  but  most  of  the  others  are  found  as  sulphides.  The 
sulphides  are,  therefore,  roasted  to  convert  them  into  oxides,  and 
the  oxides  are  reduced  with  carbon.  Modern  metallurgy  broadly 
consists  of  the  reduction  of  oxides  to  the  metallic  state. 

In  many  cases  this  process  involves  very  serious  difficulties  and 
losses.  In  smelting  iron,  the  resulting  metal  is  impure,  as  the  ore 
and  fuel  contain  objectionable  elements  which  come  out  in  the 
final  metal.  Zinc  oxide  needs  a  high  temperature  for  its  reduction, 
and  the  volatility  of  the  metal  necessitates  closed  retorts  which 
v/ear  out  and  leak,  so  that  there  is  serious  loss  of  metal.  Lead 
sulphide  is  easily  oxidised  and  reduced  without  carbon;  but  the 
silver  present  comes  out  alloyed  with  the  lead;  however,  its  metal- 
lurgy is  very  simple.  Copper  smelting,  though  exceedingly  simple 
ii)  broad  principle,  is  excessively  complicated  in  fact,  owing  to  the 
];resence  of  iron,  arsenic,  antimony,  phosphorus,  sulphur,  etc.,  in 
the  ore  and  fuel. 

The  smqlting  by  reduction  with  carbon  has,  as  every  process  must 
have,  special  difficulties  of  its  own  with  particular  ores.  A  good 
example  is  the  mixed  lead  and  zinc  sulphides,  containing  silver 
and  gold.  Such  an  ore  cannot  well  be  roasted,  to  begin  with,  as 
the  oxide  of  lead  fuses  and  binds  the  ore  into  lumps  or  cakes. 
Even  when  it  can  be  roasted,  it  cannot  be  smelted  as  a  zinc  ore 
because  the  lead  oxide  attacks  the  retorts.  Besides,  as  an  ore 
yielding  zinc  only,  it  may  be  poor,  though  the  total  value  of  the 
contents,  could  they  be  extracted,  are  high.  Treated  as  a  lead 
ere  the  zinc  is  in  the  way.  Such  an  ore  could  only  be  smelted  for 
lead  in  the  blast  furnace,  where  the  zinc  volatilises  and  comes 
down  as  oxide  and  is  quite  unwelcome.  In  some  cases  the  zinc  and 
lead  can  be  separated  to  some  extent  by  concentration.    This  means 
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Fig.  1. —  Transformer. 
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that  most  of  the  ore  is  wasted  altogether.  Of  the  rest  some  is  con- 
xerted  into  a  rich  zinc  ore  contaminated  with  lead,  and  some  into 
rich  lead  ore  polluted  with  zinc.  The  silver  generally  prefers  to 
go  largely  with  the  zinc.  But  many  of  the  ores  cannot  be  con- 
centrated, and  are  at  present  best  left  buried. 

Another  example  is  antimonial  gold.  To  begin  with,  there  is 
often  not  enough  stibnite  for  liquation,  so  concentration  is  neces- 
sary. But  auriferous  antimony  sulphide  is  not  much  used.  It  can 
be  treated  as  a  simple  antimony  ore,  and  the  antimony  contains  the 
gold,  or  it  might  be  treated  as  a  gold  ore,  the  antimony  being  lost ; 
but  there  is  no  process  in  use,  as  far  as  I  know,  which  yields  both 
the  antimony  and  the  gold  separate. 

The  process  I  have  the  honor  of  bringing  before  3'ou  depends  on 
the  action  of  chlorine.  Chlorine  has  been  used  in  metallurgy  before 
for  attacking  metallic  gold ;  and  salt  has  been  employed  for 
"  chloridising  "  roasting.  The  present  process  is,  however,  a  new 
departure,  of  quite  a  different  kind,  and  is  really  a  new  form  of 
metallurgy  calculated  to  displace  the  oxidation  and  reduction 
processes  now  in  use  to  a  great  extent.  How  far  the  replacement 
will  take  place  depends  eventually  on  economy  only. 

The  principle  of  the  process  is  treating  sulphide  ores,  without 
previous  roasting,  with  chlorine,  so  as  to  form  chlorides  of  the 
metals,  the  sulphur  being  liberated  as  such.  The  chlorides  are 
then  electrolysed,  yielding  metals  and  recovering  the  chlorine. 
The  chlorine  thus  goes  round  and  round;  and  the  process  in  its 
simplest  form  is  analogous  to  separating  the  sulphur  from  the 
metals  electrically,  or  changing  the  ore,  at  the  mere  expense  of 
electrical  energy,  into  its  component  metals  and  sulphur.  This 
can  in  fact  be  actually  done.  In  one  of  my  first  patents  there  is 
a  description  of  electrolysing  a  bath  of,  for  instance,  zinc  chloride 
and  zinc  sulphide  with  carbon  anodes  and  fused  zinc  cathode.  This 
gives  off  zinc  at  the  cathode,  and  pure  sulphur,  not  chlorine,  at  the 
anode.  This  simple  method  is  not  applicable  to  many  ores  on 
account  of  gangue,  iron  and  other  metals.  It  is  mentioned  to  give 
a  clear  idea  of  the  essence  of  the  process. 

In  practice  there  are  further  modifications.  The  process 
naturally  gives  the  best  commercial  return  on  ores  that  are  re- 
fractory to  other  treatment;  and  complex  ores  yield  mixtures  of 
chlorides  and  gangue  which  could  not  be  electrolysed  straight  off 
without  intermediate  treatment.  The  intermediate  treatment  is 
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always  siinijle  chemically,  and  consists  in  removing  the  gangue, 
and  substituting  zinc  for  the  other  metals  one  after  the  other  till 
there  is  notliing  but  chloride  of  zinc  left.  This  chloride  of  zinc  is 
then  electrolysed  and  the  zinc  and  chlorine  recovered.  If  there 
was  no  zinc  in  the  ore,  all  the  zinc  obtained  is  used  up  again; 
but  if  there  was  zinc  in  the  ore  it  is  sold  as  zinc. 

The  action  of  chlorine  on  sulphides  is  generally  very  vigorous, 
and  enough  heat  is  generated  to  keep  the  mass  hot.  The  trans- 
former is  something  like  a  small  cupola.  It  is  an  iron  vessel  lined 
with  firebrick,  and  it  contains  mixed  chlorides  fused  carrying  the 
ga.ngue  and  ore.  The  ore  is  run  in  at  tlie  top  continuously  and 
chlorine  is  pumped  in  at  the  bottom;  sulphur  coming  off  and  pass- 
ing over  into  a  condensing  chamber.  There  is  no  difficulty  about 
pumping  chlorine.  Fig.  2  shows  the  actual  pumps  in  use.  Iron 
cylinders,  pistons  and  valves  are  employed,  and,  as  is  well  known, 
though  not  fully  realized,  dry  chlorine,  such  as  that  from  the 
electrolysis  of  fused  chlorides,  is  a  very  harmless  gas. 

The  transformer  is  tapped  at  intervals,  and  the  mixed  chloride 
and  gangue  run  into  water.  Broken  Hill  slime,  a  waste  product 
daily  becoming  more  mountainous,  has  been  chosen  to  work  upon. 
It  contains  zinc.  lead.  iron,  silver,  manganese,  sulphur  and 
gangue.  The  gangue  and  lead  chloride  come  out  together,  and 
the  lead  chloride  is  separated,  the  silver  extracted,  and  the  lead 
chloride  electrolysed.  The  soluble  chlorides  are  treated  with 
chlorine,  to  get  ferrous  into  ferric  chloride,  and  the  iron  precipi- 
tated with  zinc  oxide  or  calamine.  The  manganese  is  got  out 
separately  or  with  the  iron  in  a  similar  way.  The  zinc  chloride 
is  then  boiled  down  and  electrolysed.  Fig.  3  show?  the  evaporating 
vats,  but  it  is  not  very  clear.  The  electrolysis  vat  is  simply  an 
lion  case  lined  with  fire  brick,  and  is  kept  hot  by  the  excess  of  the 
electric  over  the  chemical  energy. 

The  history  of  the  process  is  simple.  The  first  patents  were  in 
1897,  and  the  process  was  tried  in  the  laboratory  and  everything 
worked  well.  It  was  then  tried  on  a  pound  scale  and  worked.  A 
works  was  taken  in  Milton,  and  large  scale  experiments  on  elec- 
trolysis and  handling  of  chlorine  were  carried  out.  A  3,000-ampere 
electrolytic  vat  was  run  continuously  for  three  months.  Facilities 
were  wanting  there.  Uv.  A.  J.  Smith,  the  general  manager  of  the 
Castner-Kellner  Company,  sa\\  a  chance  of  a  future  in  the  process, 
and  the  company  made  arrangements  for  us  to  put  down  an  ex- 


Fig.  3. —  EvAPoRAXiNt;  vats. 


I-k;.  4. —  Drying  towers. 
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perimental  place  next  door  to  their  works.  This  was  done  and 
the  transforming  was  proved  on  a  large  scale.  We  have  repeatedly 
learned  from  the  technical  journals  that  the  chlorine  reaction  does 
not  take  place,  and  that  fused  zinc  chloride  cannot  be  electrolysed. 
In  fact  jjeople  have  proved  it  with  test  tubes.  The  Castner-Kell- 
ner  Company,  however,  were  able  to  investigate  the  working  of 
the  process,  and  to  inspect  tlie  transformer  consuming  at  the  rate 
of  30  tons  a  week.  The\'  were  well  enough  satisfied  with  the 
results  to  arrange  to  take  the  works  over,  acquiring  a  license  to 
make  chloride  of  zinc.  They  thus  use  the  whole  process  except 
the  electrolysis,  as  they  have  a  supply  of  chlorine  from  the  soda 
works.  They  will  run  a  10,000-ampere  vat  for  demonstration,  but 
otherwise  they  will  sell  every  metal  but  zinc,  the  zinc  being  sold  as 
chloride.  The  only  difference  in  the  process  is  that  zinc  chloride 
must  be  much  more  highly  refined  for  the  market  than  for  elec- 
trolysis, as  a  trace  of  manganese,  for  example,  would  spoil  the 
color,  but  would  do  no  harm  in  electrolysis.  The  chlorine  is  also 
damp,  and  has  to  be  dried  before  being  pumped. 

Fig.  4  shows  the  drying  towers.  They  contain  zinc  chloride. 
The  Castner-Kellner  Company  are  reorganizing  the  works,  and 
reconstructing  it  in  many  details,  and  will  probably  have  the  first 
unit,  dealing  with  30  tons  of  ore  a  week,  running  this  fall. 

It  is  of  little  use  repeating  in  one  paper  what  is  already  accessi- 
ble elsewhere.  I  have  gone  into  much  greater  detail  in  a  paper 
before  the  Faraday  Society,  June  30,  1903.  This  paper  gives 
rough  approximations  as  to  profits,  costs,  and  explains  which  ores 
can  be  treated  and  which  cannot.  I  must  also  refer  to  a  paper  by 
Mr.  Ashcroft  {Trails.  Inst.  Min.  &  Met.  Vol.  IX),  who  joined  in 
1898  and  collaborated  with  me  up  to  last  year,  working  out  the 
practical  development  of  the  process. 

A  good  deal  of  work  has  been  dojie  recently  on  the  treatment  of 
ores  with  little  metal  content,  such  as  copper  ores  running  under 
3  per  cent,  and  copper  nickel  and  cobalt  ores.  These  modifications 
have  only  been  tried  on  the  small  scale,  and  so  it  is  too  soon  to 
speak  yet,  but  apparently  low  grade  copper,  and  nickel,  cobalt  and 
cf  course  their  mixtures,  and  copper  zinc  ores  of  low  content  will 
prove  amenable.  Such  interesting  puzzles  as  the  treatment  of 
speiss  from  copper  smelting  works,  and  the  smelting  of  antimony 
gold  ores,  have  already  yielded  satisfactory  solutions  on  the  small 
scale,  and  fahlerz  of  various  compositions  is  likely  to  be  amenable 
to  simple  and  profitable  treatment. 
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Discussion. 

Prof.  W.  D.  Bancroft  (Chairman)  :  The  most  interesting  part  of  this 
paper  seems  to  be  that  on  the  commercial  scale  there  is  no  electrochemistry 
involved ;  that  is,  the  process  works  well  if  that  is  eliminated,  and  is  suc- 
cessful because  the  Castner-Kellner  Co.  has  a  large  excess  of  chlorine  for 
which  it  has  no  market,  and  thus  makes  zinc  chloride.  The  case  cited  hardly 
proves  the  actual  value  of  the  process  in  ordinary  metallurgical  work, 
because  it  would  hardly  be  feasible,  so  far  as  one  can  judge,  to  make 
caustic  soda  by  electrolysis  of  salt  in  every  place  in  which  it  was  desired 
to  use  the  process. 

Mr.  S.  S.  Sadtleb:  The  process  mentioned  seems  to  be  quite  simple. 
Some  may  remember  seeing  the  process  very  completely  described  in  a  copy 
of  the  Engineering  and  Mining  Journal.  A  half-page  was  devoted  to  dia- 
grams showing  the  ditiercnt  steps,  and  it  seemed  more  complicated  than 
shown  here. 

Professor  Bancroft:  All  the  metals  have  to  be  removed  by  filtration 
from  fused  anhydrous  zinc  chloride.  This  must  present  serious  difficulties, 
but  it  is  said  that  this  problem  has  been  solved. 

On  motion,  the  Section  then  adjourned. 


ALUMINOTHERMTCS. 


BY   DR.   liANS  GOLDSCHMIDT. 


A  new  means  of  creating  high  temperature  is  apt  to  lay  the 
foundation  for  more  or  less  important  industrial  developments. 
Ijegends  tell  us  that  there  was  once  a  time  when  liumanity  existed 
without  fire  until  Prometheus  brought  the  divine  fire  to  the  dwellers 
of  the  earth  and  thereby  laid  the  foundation  for  civilization.  In 
making  a  step  forward  across  thousands  of  years,  look  at  the  in- 
dustries before  the  employment  of  black  coal  —  before  it  became 
known  that  coal  was  combustible  matter.  We  perceive  that  our 
whole  modern  technical  knowledge  is  based  on  the  creation  of 
heat  by  the  combustion  of  black  coal.  A  new  fire  was  supplied 
by  Volta  in  the  electric  arc,  but  it  took  centuries  l)efore  the  in- 
vention of  dynamos  enabled  us  to  utilize  the  heat  power  sup- 
plied by  electricity,  by  means  of  the  electric  lamps  and  furnace. 
AVe  perceive  that  the  fundamental  idea  and  the  mere  production 
of  heat  do  not  by  themselves  supply  practical  results,  and  that 
it  is  only  the  application  that  determines  the  real  value,  which 
it  sometimes  takes  many  years  to  detect.  To  these  known  means 
for  the  production  of  high  temperatures,  a  new  one  is  now  added 
—  the  so-called  "  thermit  process." 

Altliough  I  may  assume  that  most  of  you  know  the  principles  of 
the  process,  you  will  nevertheless  permit  a  short  explanation  of  its 
essential  points.  Just  as  generations  passed  mineral  coal  without 
detecting  its  com.biistible  properties,  it  Avas  not  known  heretofore 
that  aluminum  belonged  to  the  combustible  products,  which  under 
certain  circumstances,  once  ignited,  continues  its  own  combustion. 
Aluminum  in  a  divided  state  only  wants  to  be  mixed  in  certain  pro- 
portions with  a  chemical  compound  containing  oxygen,  so-called 
"  oxide,"  for  instance  —  oxide  of  iron  —  in  order  to  obtain  a  heating 
compound  now  known  as  therm  if,  which  name  is  copyrighted. 

It  is  self-evident  that  the  technical  details  of  its  preparations 
required  special  study,  just  as  much  as  the  preparation  of  gunpowder 
or  dynamite.  The  particular  character  of  this  burning  thermit  is 
quite  different  from  that  of  explosives,  the  effect  of  which  is  always 
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based  on  instantaneous  production  of  great  masses  of  gas.  No  gas 
whatever  is  produced  by  thermit.  The  mass  continues  the  com- 
bustion within  itself  without  a  supply  of  air  or  heat  from  outside. 
The  chemical  reaction  is  of  the  simplest,  so  that  the  first  chemical 
lesson  might  commence  with  an  explanation  of  these  simple  phe- 
nomena. Even  to  a  layman  they  are  quite  intelligible,  as  only  three 
elements  intercommunicate.  First,  aluminum,  which  is  mixed. 
secondly,  with  a  combination  of  metal  —  for  instance,  iron  —  and 
thirdly,  oxygen,  which  combination  is  called  "  oxide  of  iron."  Tt 
this  thermit  compound  is  ignited,  nothing  except  a  separation  of  the 
oxygen  from  the  iron  and  a  chemical  combination  with  the  ulunii- 
num  results,  forming,  therefore,  aluminum  oxide,  and  setting  free 
or  melting  out  the  iron. 

When  thermit  has  been  burnt  down  in  a  crucible,  the  aluminum 
oxide,  also  called  "  corundum,"  floats  on  the  top  as  a  slag;  the  iron 
lies  at  the  bottom  as  a  regulus. 

I  have  not  yet  mentioned  the  most  remarkable  and  important 
properties  of  thermit :  Firstly,  its  high  combustion  temperature, 
about  equal  to  that  of  the  electric  arc  —  say  3000  deg.  C. —  and  sec- 
ondly, the  speed  of  the  reaction.  A  density  of  energy  of  the  heat 
supply  is  produced,  which  has  up  to  the  present  time  never  been 
obtained  b}-  other  means  —  not  even  by  the  largest  electric  fur- 
naces hitherto  constructed.  In  this  lies  the  principal  reason  of  the 
utilization  of  thermit.  Independently  from  the  quantity  brought 
to  reaction,  the  duration  of  the  combustion  in  tlic  crucible  re- 
mains about  unchanged,  say  from  one-half  to  one  minute.  This  is 
explained  ])y  the  speed  of  the  reaction  peculiar  to  thermit.  In 
a  large  crucible  a  large  melting  zone  is  formed,  which  again  on  the 
large  surface  speedily  ignites  the  surrounding  particles.  Thermit 
must  be  ignited  by  a  so-called  "ignition  powder"  of  low-ignition 
point,  l)ut  producing  a  high  temperature,  which  in  its  turn  ignites 
the  tliermit,  as  the  latter  is  very  difficult  to  ignite  and  in  con- 
sequence presents  no  fire  risk.  Thermit  thrown  into  an  open  hearth 
fire  will  not  l)urn,  because  the  temperature  of  this  fire  is  insufiicient 
to  ignite  thermit. 

Two  parts  of  weight  of  thermit  give  one  part  of  pure,  mild, 
mallpal)l('  iron.  If  200  kilograms  of  tliermit  are  i'jiiited  in  one  cruci- 
ble, lianlly  a  minute  afterward  one  has  at  his  disposal  100  kilograms 
of  lif|uid.  superheated,  mild  steel.  By  no  other  known  means  has  it 
hitherto  l)een  possible  to  produce  liquid  steel  in  so  speedy  and  simple 
a  manner.    Xo  apparatus  is  required.    A  crucible  lined  with  highly- 
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refractory  basic  material,  such  as  magnesia,  is  all  that  is  required. 
If  it  were  desired  to  obtain  tlio  same  heat  efficiency,  about  200  horse- 
power would  be  required  during  one  hour.  It  is  easy  to  understand 
from  this  fact  tlie  very  peculiar  heat  source  with  which  thermit  sup- 
plies us.  Out  of  these  properties  of  thermit,  we  can  deduce  its  appli- 
cations. 

As  already  mentioned,  the  development,  but  more  still  the  intro- 
duction, was  the  work  of  years.  Although  the  practical  applica- 
tion of  the  process  has  already  made  strides,  nevertheless,  infinite 
possibilities  of  new  developments  will  present  themselves.  I  can 
only  mention  here  the  most  important  ones  and  only  partly  touch 
on  some  of  these,  as  thermit  finds  uses  in  a  great  variety  of  appli- 
cations.   The  principal  branches  are  the  following: 

1),  Metallurgical  applications: 

a).  Production  of  pure  carbonless  metals  and  alloys, 
b).  Applications  in  iron  and  steel  foundry  practice. 
2).  Utilization  of  the  alnminogenetic  slag,  corundum,  so-called 
corubin : 
a).  For  grinding  purposes. 

b).  For  ceramics  in  the  process  of  Dr.  Buchner,  Mann- 
heim. 
3).  Hard  soldering,  applications  of  "sinter"  thermit. 
4).  Welding  process. 

a).  Pipe  welding, 
b).  Pail  welding. 

i).  Fmbedded  trolley  rails, 
ii).  Exposed  T-rails. 
iii).  Third  rails. 
c).  Application  of  thermit  or  thermit  steel  for  repairs  of 
all  sorts ;  in  particular  for  maritime  repairs  and 
spare  castings  wanted  in  a  hurry,  welding  broken 
bosses  of  rolls,  etc. 
5.  Application  for  cooking  for  camp  use. 

As  above  mentioned  thermit  separates  pure  metals  from  their 
oxides  —  not  only  iron,  but  also  chromium,  manganese,  ferro-tita- 
nium,  ferro-vanadium,  and  many  others.  In  this  way  processes 
were  elaborated  to  produce  on  a  large  scale  carbonless  metals  of  a 
purity  not  hitherto  obtained.  A  long-standing  wish  of  metallurgists 
was  fulfilled,  which  electricians  could  not  satisfy  in  their  furnaces, 
in  spite  of  long-continued  studies.     The  metallurgists  now  pro- 
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ceeded  to  apply  these  pure  metals  in  practice.  Their  successful 
studies  on  this  subject  cannot  be  sufficiently  appreciated. 

Chromium  has  first  attracted  particular  attention,  and  American 
works  are  using  it  in  considerable  quantities,  particularly  in  the 
manufacture  of  high-speed  tool  steels,  whose  efficiency  is  proved  by 
turnings  of  the  thickness  of  a  finger.  The  usual  addition  is  about 
6  per  cent  chromium  besides  tungsten,  and  the  carbon  contents 
must  be  kept  as  low  as  possible.  For  projectiles,  carbonless  chro- 
mium is  also  used  —  in  short,  anywhere  that  chromium  steel  of 
accurate  comjDOsition  is  required. 

In  nearly  the  same  quantities  pure  manganese  free  from  carbon 
is  used,  principally  for  alloying  with  copper,  besides  for  the  casting 
of  nickel  and  bronze.  It  is  much  used  for  propellers,  which  must 
not  contain  iron,  a  condition  which  precludes  the  use  of  ferro- 
manganese. 

Lately  molybdenum  and  ferro-vanadium  have  been  placed  on 
the  market.  Ferro-titanium  has  been  used  reg^^larly  for  several 
years  by  some  steel  works.  This  ferro-titanium  is  introduced  into 
liquid  cast-iron  in  the  ladle,  by  means  of  the  so-called  box  re- 
action. In  this  way  highly-heated  ferro-titanium  is  separated 
out  at  the  bottom  of  the  ladle,  which  alloys  in  statu  nascendi  with 
the  contents  of  liquid  iron.  The  reaction  taking  place  in  the 
midst  of  the  bath,  the  latter  is  more  thoroughly  stirred  or  poled 
than  is  possible  by  other  means.  Through  the  introduction  of  a 
small  quantity  of  titanium,  which  binds  the  nitrogen,  the  com- 
position of  the  l)ath  undergoes  a  chemical  improvement.  Im- 
purities, such  as  slag  and  others,  are  driven  up,  and  the  bath  is 
further  purified. 

It  is  remarkable  that  the  sulphur  contents  are  appreciably  re- 
duced.    I  will  mention  two  analyses. 

Cast-iron.     Before  Ti.  addition.  After  Ti.  addition. 
No.    I.                   Mn.  0.36  Mn.  0.30 

S.       0.19  S.       0.09 

Ti Traces. 

Before  Ti.  addition.     After  Ti.  addition. 
No.  II.  Mn.  0.66  Mn.  0.64 

s.     0.09  s.     o.o: 

Ti Traces. 

Of  late  the  contents  of  tlie  ])nxes  are  pressed  into  solid  moulds, 
preventing  the  possibility  of  their  getting  immixed  and  producing  a 
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prefectly  regular  reaction.  The  iron  becomes  considerably  more 
fluid  and  it  can,  therefore,  be  cast  at  a  lower  temperature  and  will 
show  very  much  less  tendency  to  form  shrink  cavities.  The  nrocess 
has  been  introduced  in  the  course  of  the  last  year  in  a  number 
of  foundries,  in  particular  for  cylinder  castings,  high  pressure 
valves,  etc. 

The  possibility  of  reviving  liquid  iron  or  steel  locally  by  this 
"  box  reaction "  has  led  to  a  further  application,  which  has  be- 
come very  important  for  foundry  purjDOses.  In  casting  steel  ingots 
of  more  than  10  tons,  the  piping  which  occurs  in  the  head  and 
which  extends  through  the  upper  third  of  the  block  causes  a 
great  deal  of  trouble.  A  box  containing  from  10  to  30  pounds 
of  thermit,  according  to  the  size  of  the  ingot,  is  introduced  just 
as  late  as  the  hardening  of  the  surface  will  allow  its  insertion. 
The  reaction  will  revive  the  steel  in  the  head  and  allow  the  piping 
to  be  filled  up  with  fresh  steel. 

A  still  more  extensive  use  of  box  reaction  consists  of  the  intro- 
duction of  thermit  into  the  risers.  Formerly  a  small  can  of  suit- 
able shape  was  built  into  the  bottom  of  the  risers.  Then  it  was 
thought  a  simplification  to  insert  the  box  at  the  end  of  a  rod,  into 
the  liquid  iron,  as  it  rose.  Xow,  in  a  number  of  works,  the  ther- 
mit is  simply  wrapped  in  paper  and  thrown  on  the  rising  liquid 
metal.  This  process  is  equally  applied  in  the  iron  and  steel  cast- 
ing practice.  For  cast-iron  the  wrapper  should  contain,  at  the 
bottom,  a  pinch  of  ignition  powder,  as  the  temperature  of  liquid 
cast-iron  is  insufficient  to  start  the  thermit  ignition.  Liquid  steel 
does  not  require  ignition  powder.  Many  faulty  castings  will  be 
avoided  by  this  application. 

Having  shortly  touched  on  the  metallurgical  aspect  of  alumino- 
thermics,  before  proceeding  I  wish  to  mention  the  uses  of  corundum 
slag.  This  artificial  corundum,  so-called  "  corubin  "  (registered 
trade-mark),  is  very  different  from  those  of  the  natural  product, 
and  its  properties  are  much  more  valuable.  The  cause  is  the 
chemical  composition  of  the  two  materials.  The  natural  product 
contains  various  impurities,  such  as  oxide  of  iron,  silica  —  even 
small  quantities  of  water  in  chemical  combination.  On  the  other 
hand,  the  aluminogenetic  corundum  is  nearly  free  from  all  these, 
and  in  particular  absolutely  free  from  water.  This  is  no  doubt 
the  cause  of  its  greater  hardness  compared  to  the  natural  product. 
In  consequence,  eorubin  is  used  for  emery  wheels. 

The  most  curious,  and  in  a  way,  epoch-making  application  is 
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one  of  a  colleague  of  mine,  Dr.  Buchner,  of  Mannheim.  He  found 
that  this  material  had  an  exceedingly  low  elastic  coefficient  and  does 
not  lose  this  property  when  mixed  with  a  fire-clay  binder.  In  this 
way  he  managed  to  produce  vessels  for  chemical  purposes  of  en- 
tirely different  properties  than  the  earthenware  vessels  in  use 
up  to  the  present.  You  know  how  easily  a  porcelain  or  earthen 
vessel  cracks  when  exposed  to  even  small  changes  of  temperature. 
Those  made  of  corubin  behave  differently.  They  can  be  heated  to 
red  heat  and  cooled  suddenly  with  water  without  showing  any 
tendency  to  crack.  For  instance,  for  hot  muriatic  acid  only  enam- 
eled vessels  could  heretofore  be  used,  which  were  not  reliable 
and  of  very  limited  usefulness.  Corubin  offers,  therefore,  almost 
unlimited  advantages  to  the  chemical  industry.  Its  highly-refrac- 
tory qualities  have  introduced  it  as  a  coating  for  bricks  and 
tubes  exposed  to  high  temperatures.  For  these  purposes  only 
the  corubin  resulting  from  tlie  chromium  reaction  is  utilized, 
of  which  sufficient  quantities  are  available,  in  consequence  of 
the  large  consumption  of  pure  carbonless  chromium.  This  coru- 
bin requires  a  special  preparation  before  l)eing  used.  The  alumino- 
genetic  corubin  has  proved  itself  a  valuable  product  for  making 
crucibles  for  the  thermit  welding  process.  Such  crucibles,  made 
according  to  a  certain  receipt,  will  stand  from  50  to  sometimes 
100  reactions. 

The  aluminogenetic  welding  process,  which  I  shall  now  deal 
with,  offered  this  peculiar  difficulty.  A  new  fire  had  been  dis- 
covered, over  which  one  had  not  as  3'et  gained  entire  control.  It 
is  a  peculiar  fire,  which  is  solid  and  without  flame,  and  which  gives 
half  its  weight  in  the  form  of  liquid  metal  and  the  other  half  in 
the  form  of  overheated  slag.  In  the  first  experiment,  iron 
rods  were  steeped  into  the  liquid  fire,  in  order  to  heat  them  like 
in  a  smith's  hearth.  Then  a  thermit  was  produced  which  did 
not  liquefy,  but  only  sintered  and  produced  white  heat.  This, 
however,  showed  itself  more  applicable  to  hard  soldering  and 
less  to  welding.  For  the  former  application  it  is  more  handy  than 
a  charcoal  fire  or  gas.  For  welding  purposes  a  different  process 
was  found.  The  pieces  were  butted  between  clamps,  a  mould 
put  around  the  joint  and  into  this  the  liquid  mass  was  poured 
over  the  top  of  a  crucible.  After  obtaining  welding  heat,  the 
clamps  were  tightened.  It  was  determined  l)y  experiments  what 
quantity  was  necessar}'  for  each  section  and  the  results  M'ere 
tabulated. 


aOLUSCHMWT:     ALUMISOTUKRMICH.  91 

The  process,  of  course,  does  not  claim  to  replace  the  smith's 
fire,  but  to  supply  its  place  where  the  smith's  fire  would  be  in- 
sufficient. For  instance,  it  has  ])roved  itself  very  valuable  in 
welding  lengths  of  })ipes  in  installing  whole  systems.  It  com- 
petes successfully  with  flanged  Joints,  particularly  where  the  pipe 
system  is  used  to  carry  fluids  or  gases  which  easily  destroy  their 
packings;  especially  for  oils,  alkalies,  acetylene,  and  refrigerators; 
naturally  also  for  high-pressure  systems  of  all  kinds.  The  welded 
joint  is  fully  as  strong  as  the  pipe  itself.  Recently  the  manner 
of  welding  pipes  into  "T"  shapes  has  been  worked  out.  It 
required  some  little  practice  to  successfully  handle  the  mate- 
rial, but  as  it  obviates  keeping  a  large  stock  of  various  sized  "  T  " 
pieces,  it  is  of  considerable  importance,  especially  in  outlying 
districts,  mines,  etc.  The  action  of  the  liquid  in  running  out 
over  the  lip  of  the  crucible,  on  to  the  piece  to  be  welded,  is 
peculiar.  The  slag  corubin  flows  out  first.  This  solidifies  in- 
stantaneously on  the  metallic  surface,  so  that  the  thermit  steel 
which  follows  and  does  not  liquefy  the  thin  layer  of  slag  does 
not  touch  the  welding  surface  and,  therefore,  cannot  burn  through 
the  wall  of  the  pipe.  If  the  aluminogenetic  iron  were  to  come 
in  contact  with  the  metallic  piece,  it  would  fuse  with  it.  After 
the  weld  is  made,  the  slag  and  thermit  can,  therefore,  be  easily 
removed  with  a  hammer  and  the  welded  joint  docs  not  require 
machining. 

I  now  come  to  one  of  the  principal  applications  of  the  process  — 
the  welding  of  rails.  The  track  of  a  street  railway,  in  conse- 
quence of  the  bed  on  which  it  lies  and  the  way  in  which  the  rails 
are  held  in  the  pavement,  has  to  be  considered  from  a  different 
point  of  view  than  the  exposed  track  of  a  steam  road.  The  former, 
at  present,  has  received  more  attention.  Even  laymen  may  know 
that  there  are  hundreds  of  mechanical  joints,  none  of  which  have 
given  entire  satisfaction.  The  demand  of  engineers  for  a  really 
continuous  rail,  that  is  to  say,  having  everywhere  practically  the 
same  section,  and  undergoing  in  all  parts  the  same  amount  of 
wear  and  tear,  is  justified.  For  electric  railways  using  the  rails 
for  conducting  the  return  current,  this  is  an  additional  advantage. 
Copper  bonds  are  only  an  imperfect  conductor  of  electricity,  be- 
cause, although  when  new  and  well  fixed,  they  give  satisfaction. 
still,  in  course  of  time,  the  skin  resistance  increases  so  much  that 
the  bonds  require  renewal.  Otherwise  the  so-called  "  electrolvsis  " 
would  take  place,  causing  not  only  leakage  of  current,  but  inter- 
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ruption  in  gas  and  water  pipes.  These,  on  account  of  the  large 
extent  of  the  electric  systems  in  the  United  States,  have  received 
more  attention  and  study  here  than  abroad,  A  weld  offers,  of  course, 
the  greatest  security  for  efficient  conductivity. 

To  come  to  the  practical  side,  the  first  welds  were  made  about 
four  years  ago,  in  the  same  manner  which  I  described  when  talking 
of  the  welding  of  pipes.  The  crucible  was  emptied  by  pouring  over 
the  lip ;  the  rail  ends  brought  l)y  this  means  to  welding  heat  were 
forced  together  by  a  strong  pair  of  clamps,  so  that  the  section  was 
completely  butt-welded.  Afterward  the  process  was  considerably 
simplified  by,  in  a  way,  reversing  it  and  letting  the  thermit  iron 
run  out  first,  followed  by  the  corundum.  Over  the  mould  is 
placed  a  conical  crucible,  plugged  in  the  manner  customary  in  our 
process.  As  soon  as  the  charge  in  the  crucible  is  burned  down,  it  is 
tapped  from  the  bottom  and  the  iron  runs  into  the  mould  made  of 
refractory  material.  The  highly-overheated  thermit  steel  fuses  with 
the  foot  and  web  of  the  rails  to  one  homogeneous  mass,  thus  forming 
an  immoval)le  solid  shoe.  On  account  of  the  high  temperature,  a  fcAV 
pounds  are  sufficient;  the  diameter  of  section  is,  therefore,  only 
slightly  increased,  an  advantage  Avhich  is  essential.  The  heat  of 
the  corundum  that  follows  is  utilized  at  the  same  time  to  bring  the 
heads  of  the  rail  to  welding  heat.  In  this  way  the  section  is  heated 
equally  all  over,  which  is  material,  to  avoid  bending  of  the  rails. 
They  will  remain  in  absolutely  the  same  position  as  Avhen  put  down 
before  welding  and  are  not  held  by  special  clamps  or  l)olts.  With 
new  rails  and  under  special  conditions,  a  butt-weld  is  sometimes  de- 
manded. This  can  be  obtained  by  placing  the  rail  ends  into  a  strong 
pair  of  clamps.  With  well-imbedded  rails,  and  especially  where 
they  are  anchored,  a  butt-weld  is  superfluous.  With  old  rails,  the 
life  of  which  can  be  considerably  lengthened  by  welding,  the  use  of 
clamps  is  impracticable. 

1  Avish  to  give  '^ome  details  regarding  the  strength  of  the  welded 
rail.  It  is  a1)0ut  80  to  100  per  cent  of  the  rail  itself;  you  will 
admit  this  is  a  very  satisfactory  result.  The  resistance  of  a  butt- 
welded  and  not  butt-welded  rail  to  vertical  pressure  from  above  is 
about  the  same.  The  resistance  to  pressure  will  not,  however, 
satisfy  critics  as  long  as  it  is  to  be  feared  that  the  heads  of  the  rail 
might  get  softer  thiough  having  l)een  brought  to  M'elding  heat,  and 
develop  the  well-known  hollows  at  the  rail  ends.  This  objection 
must  be  treated  quite  seriously,  a«  all  the  advantages  of  the  process 
would  be  of  no  avail  against  such  a  fault.     As  a  matter  of  fact, 
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the  weld  undergoes  no  change  of  this  or  any  otlier  sort.  The  Great 
Berlin  Street  Railway  has  had  joints  in  service  for  two  years  and 
after  more  than  three-quarters  of  a  million  cars,  not  counting  the 
very  numerous  trailers,  had  passed  over  them.  The  head  has 
remained  perfectly  level  and  even  with  the  use  of  a  ruler  no 
iinevenness  is  discovered.  This  fact  disposes  most  effectually 
of  all  fears.  Any  one  can  have  this  fact  confirmed,  if  of  two 
rails  of  identical  material  he  will  have  one  treated  with  thermit 
and  then  have  test-rods  cut  out  of  both.  Tensile  strength  and 
elasticity  will  be  found  equal  and  unchanged.  Theoretical  explana- 
tions can  be  easily  adduced  and  have  been  confirmed  by  the  highest 
aiithorities.  As  the  operation  takes  place  without  the  air  having 
access  to  the  welding  zone,  a  chemical  change  such  as  would  occur 
in  a  coal  or  gas  fire  is  impossible.  As  in  this  country  there  has 
been  as  yet  no  opportunity  to  meet  this  objection  by  practical 
proof,  I  may  mention  the  reply  T  received  from  a  prominent  Ger- 
man street  railway  engineer  to  my  request  for  small  plaster  casts 
of  thermit-welded  joints  that  had  been  in  the  ground  for  more 
than  three  years.  He  said  he  failed  to  see  the  object  of  such 
casts,  as  it  was  well  known  that  the  joint  would  not  show  any  differ- 
ence from  any  other  part  of  the  surface  of  the  rail.  While  two 
years  ago  only  3000  joints  were  welded,  last  year  the  number 
reached  20,000,  Avhich  has  already  been  exceeded  in  the  first  half 
of  the  present  year. 

In  this  country  it  was  only  possible  to  begin  the  exploitation  of 
the  process  quite  recently,  as  in  consequence  of  the  custom  duties  it 
had  been  found  impossiltle  to  import  thermit  from  abroad. 

Regarding  welds  of  exposed  "  T  "  rails,  few  experiences  are  at 
present  available.  The  first  practical  tests  were  made  this  summer 
at  Budapest,  on  behalf  of  the  Hungarian  Government  Railway. 
Lengths  of  72  meters,  about  240  ft.,  and  even  one  length  of  150 
meters  —  about  500  ft. —  were  welded  together.  The  tests  are 
being  continued  at  the  present  moment  on  other  railroads. 

A  special  rail  joint  calling  for  remark  is  that  of  the  third  rail. 
The  copper  bond  in  this  case  is  also  unsatisfactory,  particularly  as 
sometimes  very  strong  currents  have  to  pass  through  it.  Besides,  it 
lies  exposed  and,  therefore,  offers  great  temptation  to  thieves.  In 
many  cases  it  is  sufficient  to  weld  a  small  bond  of  thermit  steel 
between  the  two  feet  of  the  rail.  A  piece  of  tubing  is  placed  over 
the  mould  and  charged  with  thermit.  This  is  ignited  and  burns 
down  by  itself  without  a  crucible  being  used.     The  price  of  such 
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bonds  is  much  below  that  of  copper  bonds.  In  this  way,  for  instance. 
a  suburban  track  13^  miles  in  length  was  welded  and  has  stood 
the  test  of  one  winter's  low  temperature.  The  joint  is  mechanically 
strengthened  by  one  fish-plate  on  the  side  opposite  to  the  bond. 
The  Metropolitan  Underground  Railway  of  Paris,  France,  has 
•welded  about  20  miles  of  third  rail ;  in  this  case  the  w^hole  section 
was  welded  and,  of  course,  no  fish-plates  were  used. 

Thermit,  however,  is  by  no  means  used  only  for  small  welds,  such  . 
as  rails  and  tubes.  By  the  possibility  of  burning  down  th(}  largest 
quantities  of  thermit  and  of  obtaining  at  a  moment's  notice  any 
quantity  of  liquid  steel,  the  process  is  particularly  useful  for  the 
largest  \ve\d,  such  as  are  necessary  in  ship  repairs.  A  broken  stern 
post,  a  cracked  crank-shaft,  can  be  welded  without  removing  it  from 
its  bearings.  The  results  obtained  can  be  appreciated  from  a  number 
of  lantern  slide  pictures  which  I  shall  have  the  pleasure  of  showing 
you  at  tlie  end  of  the  lecture. 

In  the  Russian-Japanese  war  thermit  has  played  an  important 
part,  particularly  on  the  Russian  side.  After  the  first  attack  of  the 
Japanese  on  the  Port  Arthur  fleet,  orders  for  several  tons  were 
received  from  the  Russian  Government.  These  orders  have  con- 
tinued to  increase  ever  since.  The  remarkably  speedy  repairs  of 
Russian  ships  are,  according  to  accounts  received  by  me,  in  many 
cases  due  to  thermit  welds.  The  Japanese  have,  of  course,  also 
used  thermit,  but  as  before  the  war  it  was  less  known  there  than 
in  Russia,  its  possibilities  have  not  received  the  same  attention. 
Of  course  some  practical  experience  is  imperative  before  large  quan- 
tities of  thermit  can  be  successfully  handled.  This  experience 
is,  however,  not  difficult  to  acquire.  In  far-off  countries  thermit 
has  come  into  constant  use,  although  no  experienced  mechanics 
were  available,  and  the  engineers  had  to  teach  themselves  by 
closely  observing  the  rules  laid  down  in  the  pamphlets.  Of  course 
it  is  just  in  such  countries  where  machinery  is  difficult  to  obtain 
that  thermit  is  of  inestimable  value.  By  its  help  urgent  spare  cast- 
ings can  be  made  at  once  out  of  thermit  steel ;  for  instance,  cog- 
wheels. 

For  a  special  sort  of  repair  it  is  iised  in  rolling-mills  for  welding 
bosses  on  rolls.  The  surface  on  which  the  now  boss  is  to  be  welded 
is  brought  to  fusion  heat  by  first  pouring  a  little  liquid  iron  on  it. 
which  is  covered  by  a  quantity  of  thermit.  The  latter  is  ignited 
and  enal)les  the  liquid  metal  which  is  then  poured  on  it  to  evenly 
weld  to  the  roll. 


aOLDHCHMIDT:     ALUMINOTHERMICS.  95 

In  conclusion,  I  will  mention  an  entirely  novel  application.  In 
consequence  of  a  suggestion  of  mine,  the  "  Deutsche  Munitions  & 
Waffenfabrik,"  Karlsruhe,  has  constructed  a  very  handy  cooking  and 
roasting  stove,  allowing  a  speedy  warming  of  food  and  drink  in  the 
open  air,  by  means  of  thermit,  without  a  flame.  This  can  be  of  great 
value  in  campaigning  —  for  instance,  on  outpost  duty  where  cook- 
ing may  be  done  without  divulging  one's  position  to  the  enemy.  To 
avoid  misunderstanding,  I  may  as  well  mention  at  once  that  ther- 
mit cannot  be  adapted  for  fuel  on  a  large  scale,  for  instance,  on 
torpedo  or  other  boats.  In  this  respect  it  cannot  compete  with  an- 
thracite, as  1  kilogram  of  thermit  gives  about  450  calories,  while 
anthracite  gives  about  7000.  The  value  of  the  new  heat  pro- 
ducer lies  in  the  speed  of  the  combustion  and  the  enormous  heat 
developed,  or,  as  I  said  at  tlie  beginning,  its  density  of  energy,  not 
in  the  great  number  of  available  calories.  For  heating  purposes 
in  the  ordinary  sense,  it  can,  therefore,  only  be  utilized  on  a 
small  scale,  for  very  specific  purposes  and  Avhere,  besides,  a  par- 
ticularly low  price  is  not  of  importance.  In  such  cases  the  or- 
dinary heat  producers  cannot  be  employed  with  economical  results, 
while  thermit,  under  such  conditions,  is  burnt  as  in  a  calorimeter 
and  can  be  utilized  almost  quantitatively. 

"  The  new  fire  "  in  the  short  time  of  its  existence  has  oljtained  a 
quite  appreciable  introduction,  hut  only  the  initial  work  has  been 
done,  and  the  present  field  of  its  usefulness  —  in  particular  for 
rail-welding  purposes  —  will  increase  enormously.  In  the  course 
of  time  new  fields  of  utility  will  be  discovered  for  a  process  which 
produces  in  so  simple  and  speedy  a  manner,  without  bulky  equip- 
ment, such  enormous  temperatures. 


Thursday,  September  15,  1904. 

Joint   Session   of   Section   C   with   the    American   Electrochemical    Society, 
Thursday,  September  15,  1904. 

Chairman  Carhart  called  the  Section  together  at  9:30  o'clock. 
The  following  paper  was  read  by  the  author. 


THE  SILVER  VOLTAMETER. 


BY  DR.  K.  E.  GUTIIE. 


1.  According  to  Faraday's  law  of  electrolysis,  a  strict  proportion- 
ality exists  between  the  quantity  of  electricity  passing  through  an 
electrolyte  and  the  electro-chemical  reaction  produced  by  it.  The 
latter  may,  therefore,  serve  for  the  measurement  of  quantity  of  elec- 
tricity. We  call  the  instruments  employed  for  this  purpose  "  volta- 
meters "  though  the  name  "  coulometers  "  proposed  by  Richards 
seems  to  be  a  far  more  appropriate  one. 

A  good  many  different  types  of  voltameters  have  been  used,  for 
example,  the  gas  voltameter,  in  which  the  volume  of  the  liberated 
gases  is  measured,  or  the  iodine  and  the  iron  voltameters  in  which 
the  electro-chemical  change  is  measured  by  titration.  The  usual 
method,  however,  is  the  determination  of  the  weight  of  a  substance 
deposited  at  one  of  the  electrodes  by  an  electric  currents  Of  the 
last  the  copper  voltameter  and  the  silver  voltameter  are  the  best 
known  types. 

The  investigations  of  F.  and  W.  Kohlrausch-,  Rayleigh  and  Sidg- 
wick^,  Gray*,  Schuster  and  Crossley.^  and  Glazebrook  and  Skinner* 
have  proved  tliat  the  silver  Aoltameter  is  by  far  the  most  reliable 
instrument  of  tliis  sort  and  tliat  it  will  give  results  accurate  to  1 
in  5000,  if  certain  specifications  as  to  its  construction  and  treat- 
ment are  closely  followed. 

2.  This  led  to  the  adoption  of  the  silver  voltameter  as  a  standard 
for  the  measurement  of  electric  current  by  the  International  Elec- 
trical Congress  held  at  Chicago  in  1893,  Though  the  ampere  was 
defined  as  one-tenth  of  the  unit  of  current  of  the  c.g.s.  system  of 

1.  A  description  of  somo  unusual  types  is  given  by  Danncel,  Zeit.  f. 
Eleciroch.,  vol.   i,   p.   154,   1807. 

2.  Fr.  and  W.  Kohlrnusch,  Wicd.  Ann.,  vol.  27.  p.  1,  1886. 

3.  Hayieinrli  and  Sidfrwiek,  Phil   Trans.,  vol.   175.  p.   Ill,   1884. 

4.  f.'ray.  Phil    Maq.,  vol.  22.  p.  389.   1880. 

6.   Sehuster  and   Crossley.  Prnr.   Roy.   Soc.  vol.   50.   p.   344,    1802. 
6.  Glazebrook  and  Skinner,  Phil.  Trans.,  vol.  183,  p.  567,  1892. 

[96] 


GUTHE:     SILVER   VOLTAMETER.  97 

electromagnetic  units^,  it  was  added,  that  it  "  is  represented  suffi- 
ciently well  for  practical  iis(^  by  the  unvarying  current  which 
when  passed  through  a  solution  of  nitrate  of  silver  in  water  in 
accordance  with  standard  specifications,  deposits  silver  at  the  rate 
of  0.001118  gram  per  second."  This  value  is  called  the  electro- 
chemical equivalent  of  silver. 

The  specifications  referred  to  above  were  prepared  by  the  National 
Academy  of  Sciences  and  legalized  in  the  United  States  in  1894. 
They  read  as  follows : 

In  eraployin£T  tlie  silver  voltameter  to  measure  currents  of  about  one 
ampere,  the  following  arrangements  shall  be  adopted : 

The  kathode  on  whioh  the  silver  is  to  be  deposited  shall  take  the  form 
of  a  platinum  bowl  not  less  than  10  ems  in  diameter,  and  from  4  to  5 
cms  in  depth. 

The  anode  shall  be  a  disc  or  plate  of  pure  silver  some  30  sq.  cms  in 
area  and  2  or  3  mms  in  thickness. 

This  shall  be  supported  horizontally  in  the  liquid  near  the  top  of  the 
solution  by  a  silver  rod  riveted  through  its  center.  To  prevent  the  dis- 
inte.i^rated  silver  which  is  formed  on  the  anode  from  falling  upon  the 
kathode,  the  anode  shall  be  wrapped  around  with  pure  filter  paper,  secured 
at  the  back  by  suitable  folding. 

The  liquid  shall  consist  of  a  neutral  solution  of  pure  silver  nitrate, 
containing  about  15  parts  by  weight  of  the  nitrate  to  85  parts  of  water. 

The  resistance  of  the  voltameter  changes  somewhat  as  the  current 
passes.  To  prevent  these  changes  having  too  great  an  effect  on  the  cur- 
rent, some  resistance  besides  that  of  the  voltameter  should  be  inserted  in 
the  circuit.  The  total  metallic  resistance  of  the  circuit  should  not  be  less 
than  10  ohms. 

Method  of  making  a  measurement. —  The  platinum  bowl  is  to  be  washed 
consecutively  with  nitric  acid,  distilled  water  and  absolute  alcoliol ;  it  is 
then  to  be  dried  at  160  deg.  C,  and  left  to  cool  in  a  desiccator.  When  thor- 
oughly cool  it  is  to  be  weighed  carefullj'. 

It  is  to  be  nearly  filled  with  the  solution  and  connected  to  the  rest  of 
the  circuit  by  being  placed  on  a  clean  insulated  copper  supi)ort  to  which 
a  binding  screw  is  attached. 

The  anode  is  then  to  be  immersed  in  the  solution  so  as  to  be  well  cov- 
ered by  it  and  supported  in  that  position ;  the  connections  to  the  rest 
of  the  circuit  are  then  to  be  made. 

Contact  is  to  be  made  at  the  key,  noting  the  time.  The  current  is  to 
be  allowed  to  pass  for  not  less  than  half  an  hour,  and  the  time  of  break- 
ing contact  observed. 

The  solution  is  now  to  be  removed  from  the  bowl  and  the  deposit 
washed  with  distilled  water  and  left  to  soak  for  at  least  six  hours.  It 
is  then  to  be  rinsed  successively  with  distilled  water  and  absolute  alcohol 
and  dried  in  a  hot-air  bath  at  a  temperature  of  about  160  deg.  C.  After 
cooling  in  a  desiccator  it  is  to  be  weighed  again.  The  gain  in  mass  gives 
the  silver  deposited. 

To  find  the  time  average  of  the  current  in  amperes,  this  mass,  ex- 
pressed in  grams,  must  be  divided  by  the  number  of  seconds  during  which 
the  cuiTent  has  passed  and  by  0.001118. 

In  determining  the  constant  of  an  instrument  by  this  method,  the 
current  should  be  kept  as  nearly  uniform  as  possible  and  the  readings 
of  the  instruhient  observed  at  frequent  intervals  of  time.  Theses  obser- 
vations give  a  curve  from  which  the  reading  corresponding  to  the  mean 
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current    (time-average   of   the   current)    can   be   found.      The   current,    as 
calculated   from  the  voltameter  results,   corresponds  to  this   reading. 

The  current  used  in  this  experiment  must  be  obtained  from  a  battery 
and  not  from  a  dynamo,  especially  when  the  instrument  to  be  calibrated 
is  an  electrodynamometer." 

Other  countries  in  which  the  silver  voltameter  has  been  legal- 
ized have  adopted  similar  rules.'^ 

3.  The  minute  description  oi  the  form  and  the  treatment  of  the 
silver  voltameter  shows  clearly  that  a  slight  departure  from  them 
may  result  in  a  deposit  of  silver  not  in  accordance  with  the  defini- 
tion of  the  ampere.  It  was  apparent  that  there  are  in  the  instru- 
ment disturbing  factors,  which  required  a  further  study.  Kahle* 
has  shown  that  the  electrolyte  becomes  acid  by  electrolysis  and  that 
on  repeated  use  the  deposits  are  too  large. 

The  Eeichsanstalt  recommends  therefore  that  not  more  than 
3  grams  of  silver  should  be  deposited  from  100  ccm  of  the  solution. 

Leduc®  hopes  to  overcome  all  trouble  by  employing  a  large  silver 
anode,  consisting  of  granulated  silver.  He  keeps  the  anodic  cur- 
rent density  below  0.02  ampere/cm-  and  recommends  that  the 
n mount  of  silver  collected  at  the  kathode  should  be  large,  say 
about  30  grams. 

Patterson  and  Guthe^'*  obtained  concordant  results  by  keeping 
the  solution  in  contact  with  silver  oxide.  Leduc  speaks  in  favor 
of  this  method,  but  Eichards'  results  with  the  same  type  show 
great  variations  in  the  amount  of  silver  deposited,  by  the  same 
quantity  of  electricity. 

The  greatest  advance  in  our  knowledge  of  the  subject  is  due 
to  the  excellent  researches  of  Richards^^  and  his  students,  who 
showed  that  the  main  difficulty  lies  in  the  formation  of  a  heavy 
anode  solution,  containing  a  complex  silver  ion,  the  existence  of 
which  had  already  been  suggested  by  Rodger  and  Watson.^-  The 
anode  solution  which  in  the  ordinary  type  of  voltameter  sinks 
to  the  bottom  of  the  vessel,  producing  there  a  star-shaped  figure," 
will    yield    on   electrolysis    more    silver    than   corresponds   to    the 

7.  The  Electrician,  vol.  27,  p.  325,  1891.    Zeit.  f.  Instr.,  vol.  21,  p.  180, 
1901. 

8.  Kahle,  Zeit.  f.  Instr.,  vol.  18,  pp.  229  and  267,  1898. 

9.  Lfduc.  Journ.  dc  Phys.,  vol.  1,  p.  561,  1902. 

10.  IVittorson  and  Outhe,  Phys.  Rev.,  vol.  7,  p.  257,  1898. 

11.  Richards,  Collins  and  ITeimrod,  Proc.  Am.  Acad.,  vol.  35.  p.  123, 
1800.     Richards  and  ITeimrod.  Proc.  Am.  Acad.,  vol.  37,  p.  415,  1902. 

12.  Rodger  and  Watson.  Phil.  Trans.,  vol.  186,  p.  631.  1895. 

13.  Behn,  Wied.  Ann.,  vol.  51,  p.   105,   1894. 
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normal  ion.  Besides,  this  substance,  formed  ai  the  anode,  must 
be  a  reducing  agent,  since  oxygen  tends  to  eliminate  it.  The 
exact  chemical  constitution  of  the  substance  is  not  known. 

The  main  problem  is  to  prevent  the  anode  solution  from  reach- 
ing the  kathode.  For  this  purpose  Richards  places  the  silver 
rod,  which  forms  the  anode,  in  a  fine  grained  porous  cup  and 
removes  from  time  to  time  the  solution  collecting  at  the  bottom. 

Guthe"  fully  corroborated  Richards'  results,  but  proposed  a 
different  form  of  the  anode.  The  bottom  of  a  wide  porous  cup 
is  filled  with  granulated  silver  and  upon  this  a  large  silver  plate 
is  pressed.  In  this  type  the  rather  inconvenient  frequent  removal 
of  the  solution  was  found  to  be  unnecessary.  The  heavy  solution 
is  prevented  by  the  porous  cup  from  rapid  diffusion  and  breaks 
up  to  a  large  extent  when  it  remains  in  contact  with  silver. 
This  secondary  reaction,  he  believes,  gives  rise  to  the  formation 
of  the  well-known  dark  anode  slime,  which  is  pure  silver  w'lien 
the  anode  is  pure. 

Other  arrangements  may  be  adopted  to  prevent  the  anode  solu- 
tion from  reaching  the  kathode.  The  latter  may  for  instance 
be  suspended  above  the  anode,  or  the  two  electrodes  be  placed  in 
different  vessels,  connected  by  a  siphon.  From  a  practical  point 
of  view  the  latter  types  are  however  less  convenient  than  the  two 
described  above. 

4.  Another  source  of  trouble  may  arise  from  the  contact  of 
the  solution  with  filter  paper.  The  organic  substances  contained 
in  the  latter  may  act  chemically  upon  neutral  silver  nitrate  solu- 
tion.^"* Filter  paper  should,  therefore,  not  be  used  in  the  prepara- 
tion of  the  electrolyte  nor  in  the  voltameter. 

5.  As  Guthe  pointed  out,  we  can  distinguish  two  distinct  types 
of  silver  voltameters,  according  whether  the  heavy  anode  solution 
reaches  the  kathode  or  not.  The  former  to  which  the  ordinary 
type  and  those  proposed  by  Patterson  and  Guthe  and  by  Leduc 
belong  will  on  the  average  yield  a  deposit  one  part  in  2000  larger 
than  the  second,  i.  e.,  Richards'  and  Guthe's  types.  Of  course,  for 
practical  purposes,  we  must  select  the  type  which  will  give  the 
most  concordant  results.  As  the  investigations  referred  to  show, 
we  can  rely  upon  the  porous  cup  voltameter  to  within  one  part  in 
20,000,  even  for  independent  series  of  experiments ;  it  would,  there- 

14.  Guthe,  Phys.  Rev.,  vol.  19,  p.  138.  1904. 

15.  Reichsansitalt.  Zeit.  f.  Instr..  vol.  22.  p.  156,  1902. 
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fore,  be  a  decided  step  in  advance,  if  one  of  these  types  were  sub- 
stituted for  the  one  now  in  common  use.  This  would  necessitate 
a  change  in  the  accepted  value  of  tlic  electro-chemical  equivalent 
of  silver,  as  will  be  shown  later  on. 

(>.  Whether  or  not  there  are  other  disturbing  factors  of  minor 
importance,  only  an  extended  research  with  the  porous  cup  volta- 
meter will  show.  Some  of  the  earlier  experiments  are  not  conclusive 
in  this  respect;  they  were  made  with  the  usual  type,  and  often 
the  differences  observed  amount  to  less  than  what  we  may  expect 
in  this  form  of  voltameter.  Besides,  different  investigators  fre- 
([uently  flatly  contradict  each  other. 

In  the  silver  voltameter  a  neutral  solution  of  silver  nitrate  is 
recommended.  To  test  the  neutrality  it  seems  best  to  precipitate 
the  silver  by  means  of  neutral  sodium  chloride  solution  and  test 
the  filtrate  with  methylorange.  If  the  crystals  contain  acid  it 
may  be  well  to  melt  them  in  a  platinum  crucible. 

As  Kahle  has  shown,  the  solution  becomes  acid  in  being  used. 
It  is  apparent  that  if  an  ion  is  formed  containing  more  silver  than 
corresponds  to  the  normal  salt,  there  will  be  some  free  acid  left. 
Under  such  conditions  the  deposit  will  be  too  heavy  and  the  acid 
is  frequently  held  responsible  for  it.  Rut  it  is  different,  if  before 
electroysis  free  acid  has  been  added  to  an  originally  neutral  solu- 
tion. In  this  case  Leduc  found  the  deposits  one  part  in  5000 
lighter  than  without  the  addition  of  acid.  In  fact,  if  the  original 
amount  of  free  acid  surpasses  a  definite  percentage,  then  on  electro- 
lysis the  amount  decreases.  There  exists  a  chemical  equilibrium 
between  the  complex  ions  and  those  of  the  acid.  I  believe  that  the 
addition  of  acid  to  the  anode  side  of  a  porous  cup  voltameter  will 
be  of  help  in  either  preventing  the  formation  of  the  complex  ion 
or  in  breaking  it  up. 

The  Reichsanstalt  recommends  not  to  use  acid  lest  impurities 
of  the  anode  pass  into  solution.  The  influence  of  impurities  in 
the  solution  seems,  however,  to  be  of  little  importance,  as  shown 
by  Rayleigh  and  Mrs.  Sidgwick,  who  added  a  large  proportion 
of  copper-sulphate  to  the  solution,  and  b)^  Leduc  who  added  copper- 
sulphate  and  also  potassium  nitrate.  The  deposits  did  not  con- 
fain  any  of  these  impurities.  It  may  be  stated  as  a  general  rule 
that  metals  which  require  a  higher  kathodic  difference  of  potential 
than  silver  will  not  be  found  in  the  deposits,  if  the  current  is  not 
too  large. 
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The  presence  of  rarer  im'tals  would  seem  to  be  more  serious, 
but  they  are  hardly  ever  found  in  appreciable  quantities  in  com- 
mercial silver,  and,  moreover,  their  electro-chemical  equivalents 
are  not  very  different  from  that  of  silver.  Extreme  care  in  the 
selection  of  material  for  the  electrolyte  as  well  as  the  anode 
seems,  therefore,  to  be  unnecessary.  We  may  even  use  a  soluble 
electrode  of  a  metal,  like  zinc,  and  still  obtain  satisfactory  results, 
&?  Richards  and  Heimrod  proved. 

7.  One  great  objection  is  found  in  the  tendency  to  looseness 
which  the  silver  obtained  from  nitrate  solution  frequently  shows. 
The  addition  of  a  small  proportion  of  silver  acetate  improves  greatly 
the  texture  of  the  deposit,  but  as  was  shown  by  Rayleigh  and 
Mrs.  Sidgwick,  the  deposit  is  always  too  heavy,  possibly  due  to  an 
inclusion  of  liquid.  The  same  observers  employed  silver  chlorate 
a?  electrolyte  and  obtained  results  closely  agreeing  with  those 
given  by  a  silver  nitrate  voltameter.  Deposits  from  cyanide  solu- 
tion are  pure  white  and  show  no  tendency  to  looseness.  Ijcduc^® 
has  made  some  experiments  with  potassium  silver  cyanide,  but 
the  amount  of  silver  collected  was  entirely  too  small,  which  he 
attributed  to  a  simultaneous  development  of  hydrogen  and  silver 
at  the  kathode  and  to  an  occlusion  of  the  former  in  the  silver. 
Farup,"  however,  has  shown  that  hydrogen  is  not  produced,  but 
tliat  the  silver  is  dissolved  by  potassium  cyanide  if  air  is  present 
in  the  solution.  He  employs,  therefore,  a  silver  voltameter  with 
potassium  silver  cyanide  as  electrolyte,  but  saturates  the  solution 
with  hydrogen. 

The  results  obtained  by  him  are  quite  satisfactory,  though  T 
believe  that  with  larger  deposits  trouble  may  arise  due  to  occlusion 
of  the  liquid  in  the  deposits.  For  small  currents,  however,  this 
form  seems  to  be  very  useful.  It  is  claimed  that  even  deposits 
from  silver  nitrate  solution  keep  some  of  the  liquid  included. 
This  will  show  itself  in  a  decrease  of  weight  when  the  deposit  is 
heated  to  nearly  red  heat,  the  nitrate  being  decomposed.  Accord- 
ing to  Rayleigh  and  Mrs.  Sidgwick,  there  was  sometimes  no  loss 
on  heating,  but  perhaps  more  often  a  slight  decrease.  Kahle  ad- 
vises a  treatment  for  10  to  20  minutes  with  water  at  a  temperature 
of  70  deg.  to  90  deg.  C.,to  insure  the  complete  removal  of  the  mother 
liquid.     Richards  also  found  a  slight  amount  included ;  but  Gray 

16.  Leduc,  Rapports  Congr.  Internat.  de  Phys.   1900.  vol.  2,  p.  440. 

17.  Farup,  Zeit.  f.  Electroch..  vol.  8.  p.  569.  1902. 
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claims  that  with  proper  washing  the  plates  may  be  heated  without 
any  sensible  loss  of  weight. 

8.  The  question  of  the  solubility  of  silver  in  different  liquids 
is  one  of  great  importance.  According  to  Eichards  and  Heimrod 
pure  silver  when  boiled  with  a  silver  nitrate  solution  will  produce 
nitrite  of  silver  in  small  quantities,  but  the  Reichsanstalt  makes 
the  statement  that  this  is  not  the  case  and  that,  therefore,  under 
normal  conditions  a  reduction  to  nitrite  cannot  be  observed  in  a 
silver  voltameter.  Kahle,  j\Iyers  and  MerrilP^  observed  a  decrease 
of  the  weight  of  silver,  when  it  was  treated  with  warm  water, 
but  Richards,  Collins  and  Heimrod,  Leduc  and  Guthe  could  not 
detect  any  change  when  the  deposit  was  left  standing  under  water 
for  hours. 

The  concentration  of  the  silver  nitrate  solution  seems  to  affect 
only  the  texture  of  th.e  deposit,  which  has  a  tendency  to  looseness, 
if  the  solution  is  too  weak  in  relation  to  the  current.  Though 
Gray  considers  it  a  mistake  to  use  solutions  containing  more  or 
even  as  much  as  10  per  cent  of  silver  nitrate,  all  other  observers  deny 
any  influence  of  concentration  and  generally  recommend  high  con- 
centrations, i.  e.,  from  15  per  cent  to  30  per  cent. 

The  Reichsanstalt  has  found  that  silver  oxide  is  almost  insoluble 
in  concentrated  nitrate  solution,  but  the  experiments  referred 
to  above  show  that  solutions  treated  with  the  oxide  are  favorable 
to  the  formation  of  the  complex  ion  and  will  yield  too  much  sih'er. 

9.  Schuster  and  Crossley  stated  that  the  deposits  of  silver  in 
vacuo  were  about  one  part  in  1000  larger  than  those  obtained  from 
solutions  surrounded  by  air,  and  these  again  larger  than  those 
formed  in  an  atmosphere  of  oxygen.  The  former  result  was  veri- 
fied by  Kahle,  Richards  and  Myers.^®  The  latter  also  found  an 
increase  when  the  liquid  was  saturated  with  nitrogen,  but  a  de- 
crease when  the  dissolved  gas  was  carbon  dioxide.  It  is  reason- 
able to  suppose  that  the  increased  w^eight  of  the  deposit  is  due 
lo  the  removal  of  oxygen  from  the  solution  and  not  to  a  change 
in  pressure.  Tn  addition  Merrill  showed  that  an  increase  of 
pressure  to  103  atmospheres  has  no  appreciable  effect, 

Rayleigh  and  Mrs.  Sidgwick  observed  an  increase  of  deposit 
with  increase  of  temperature,  T^efluc  a  decrease,  Richards,  Collins 

18.  Morrill.   Phys.   Rev.,  vol.    10.   p.   Tw.   IHOO. 

19.  Myers.  Wied.  A^in.,  vol.  55,  p.  288,   1805. 
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and  Ilcimrod  obtained  as  well  at  60  deg.  C.  as  at  0  deg.  C.  a  larger 
deposit  than  at  30  deg.  C. 

10.  Almost  all  observers  agree  that  the  size  of  the  kathode  makes 
no  difference.  According  to  Schuster  and  Crossley  too  great  a 
current  density  at  the  anode  is  accompanied  by  a  smaller  deposit; 
according  to  Leduc  just  the  opposite  is  the  case,  while  Merrill 
could  find  no  measurable  effect  due  to  a  variation  in  the  size  of 
the  electrodes.  Guthe's  experiments  lead  to  the  conclusion  that  in 
the  porous  cup  voltameters  the  size  of  the  anode  does  not  com.e 
into  account.  With  the  usual  type  of  voltameter  Kahle  obtained 
a  somewhat  larger  deposit  on  a  silver  kathode  than  on  platinum 
and  considers,  therefore,  as  normal  deposits  such  obtained  on  silver. 
Eichards  and  Heimrod  confirm  this  observation  but  find  that  with 
a  porous  cup  voltameter  no  such  difference  appears.  Guthe  also 
obtained  identical  results  as  well  when  the  kathode  was  platinum 
as  when  silver  had  been  previously  deposited  on  it.  The  explana- 
tion for  Kahle's  results  is  to  be  sought  in  the  action  of  silver  upon 
the  heavy  anode  liquid,  mentioned  above. 

The  Electrochemical  Equivalent  of  Silver. 

11.  The  electro-chemical  equivalent  of  silver  has  been  determined 
repeatedly  by  absolute  measurements,  i.  e.,  by  means  of  instruments 
v/hich  allow  a  calculation  of  the  current  in  terms  of  the  funda- 
mental units  of  mass,  length  and  time.  Among  the  earlier  in- 
vestigations only  those  of  Eayleigh  and  Mrs.  Sidgwick,  and  of 
Er.  and  W.  Kohlrausch  can  be  considered  accurate.  In  order  to 
express  all  measurements  in  terms  of  the  same  standard,  the 
different  values  found  have  been  reduced  to  those  given  by  the 
porous  cup  voltameter,  and  these  are  given  in  the  last  column  of 
the  following  table.  The  corrections  used  are  those  found  by 
Eichards  and  Guthe  for  the  various  types.  Since  in  most  cases 
the  exact  conditions  of  the  experiments  arc  unknown,  these  cor- 
rected values  will  simply  give  a  general  idea  of  the  agreement 
between  different  observers ;  therefore,  it  was  thought  unnecessary 
to  take  into  account  the  possible  effect  of  included  mother  liquid. 
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TABLE   I. 


Observer. 

Year. 

Voltameter. 

Method. 

Electro-chemical 
equivalent. 

Found. 

Corrected. 

Mascart') 

Fr.andW.Kohl- 

rausch 

Rayleigh     and 

Sidgwick 

1884 

1884 

1884 
1886 
1887 

1890 

1898 

1903 

1904 

Usual  type 

Plate  voltameter.. 
Usual  type 

Silveroxide  type.. 

Leduc's  type 

Usual  type 

Current  balance 

1.1156mg. 

1.1183 

1.1179 
1.1183 
1.1174 

1.1192 

1.1193 

1.1195 

1.1183 

1.1150  mg. 

1.1177 

1.1175 
1.1177 
1.1168 

1.1186 

1.1182 

1.1188 

1.1176 

Current  balance 

Koepsel*) 

Pellat  and  Po- 

tier3)  

Patterson    and 

Gutue 

Pellat  and   Le- 

duc*) 

Current  balance 

Electrodynamometer. 
Current  balance 

van    Dijk    and 
Kuast*) 

1)  Mascart,  Joum.  de  Phys.,  vol.  2,  p.  109,  1882  and  vol.  3,  p.  283,  1884. 

2)  Koepsel,  W  ied.  Ann.,  vol.  31,  p.  250,  1887. 

3)  Pellat  and  Potier,  Joum.  de  Phys.,  vol.  9,  p.  381,  1890. 

4)  Pellat  and  Ledue,  C.  R.,  vol.  136,  p.  1649,  1903. 

5)  van  Dijk  and  Kunst,  Ann.  d.  Phys..  vol.  14,  p.  596,  1904,  Proc.  Kon.  Ak.  van  Wet.,  vol.  12, 

p.  441,  1904. 

From  this  list  we  see  that  the  results  obtained  so  far  are  not 
very  satisfactory.  Redeterminations  in  absolute  measure  by  using 
a  reliable  form  of  voltameter  are  highly  desirable. 

12.  The  electro-chemical  equivalent  of  silver  may  also  be  ox- 
pressed  in  terms  of  the  electromotive  force  of  a  standard  cell,  i.  e., 
by  comparing  the  electromotive  force  of  the  cell  with  the  potential 
difference  produced  by  the  current  at  the  terminals  of  a  known 
resistance.  The  electro-chemical  equivalent  will  depend  upon  the 
value  chosen  for  the  electromotive  force  of  the  standard  cell. 
The  legalized  value  for  the  Clark  cell  is  1.434  volts.  But  this  is 
probably  too  high.  In  Germany  the  electromotive  force  of  the 
Clark  coll  is  derived  from  silver  voltametric  measurements,  and 
the  Reichsanstalt  has  chosen  as  the  working  value  1.4328  volts 
at  15  deg.  C.  In  the  following  table  the  electro-chemical  equivalent 
of  silver  is  calculated  as  well  for  an  electromotive  force  =  1.434 
as  for  1.433  volts. 
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TABLE  II. 
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Observer. 


(Jarharf)  

Hayleigh  and  Sidgwick. 
vou  Ettiughauseii'-'J  .... 
UlazebrooK  and  Skinner 

Perot  and  Fabry^) 

Kahle 

Uuthe 


1883 
1884 
1884 
1893 
18;)8 
1898 
1904 


Electro-chemical  equivalent. 


IC=1AU  volts. 


Usual  type. 


1.1172  mg. 

1.1183 

1.1180 

1.1183 

1.1193 

1.1173 

1.1174 


Porous  cup 
V. 


1.1167  mg. 

1.1178 

1.1175 

1.1178 

1.1188 

1.1167 

1.11G8 


E=  1 .433  volts. 


Usual  type. 


1.1180  mg. 

1.1192 

1.1188 

1.1191 

1.1120 

1.1180 

1.1181 


Porous  cup 
V. 


1 .1175  mg. 

1.1187 

1.1183 

1.1186 

1.1196 

1.1175 

1.1176 


1)  Carhart,  Am.  Journ.  Sci.,  vol.  28,  p.  374,  1884. 

2)  Von  Ettinghausen,  Zeit.  /.  Electrotechnik^  vol.  2,  p.  484,  1884. 

3)  Perot  and  Fabry,  Ann.  Fac.  des  Sci.  Marseille,  vol.  8,  p.  201,  1898. 

In  the  case  of  Perot  and  Fabry,  who  used  a  Clark  cell  at  0  deg. 
C.  and  found  its  .electromotive  force  to  be  1.4522  volts,  using  1.118 
mg  as  the  electro-chemical  equivalent,  the  difference  of  0.0164 
volt  given  by  the  Eeichsanstalt  has  been  used  to  reduce  to  15  deg. 
C,  instead  of  the  ratio  given  by  them.  The  latter  would  give  1.1180 
mg  in  the  first  column  and  corresponding  values  in  the  others, 
and  make  the  agreement  with  the  earlier  experiments  a  very 
close  one. 

The  large  differences  between  the  earlier  and  the  more  recent 
comparisons  can  hardly  be  due  to  the  silver  voltameter  alone. 
Doubtless  the  Clark  cell  comes  in  for  its  share. 

Wolff  and  Carhart  and  Hulett  have  lately  discovered  an  electro- 
lytic method  of  preparing  mercurous  sulphate.  Cadmium  standard 
cells,  in  which  this  substance  is  used,  show  according  to  prelim- 
inary reports  an  excellent  agreement  among  themselves,  and  no 
variation  in  their  electromotive  force  in  course  of  time, —  as  far 
as  can  be  ascer«tained  during  a  relatively  short  period. 

With  the  improvement  of  our  standard  of  electromotive  force 
and  the  construction  of  a  reliable  silver  voltameter,  a  wide  and 
interesting  field  for  research  has  been  opened. 

Discussion. 

Dr.  K.  E.  GuTHE:  I  can  not  close  this  paper  without  emphasizing  one 
point  with  reference  to  the  alleged  superiority  of  the  standard  cell  over 
the  silver  voltameter  in  the  measurement  of  an  electrical  current.  I  still 
believe  that  the  voltameter  gives  as  accurate  results  as  the  standard  cell. 
It   must  be  admitted,  that  for  laboratory  use,  it  is  easier  to  measure   a 
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current  by  fall  of  potential  over  a  resistance.  And  while  I  believe  the 
standard  cell  will  win  out  in  the  end,  nevertheless,  1  am  sure  the  silver 
voltameter  will  always  be  a  valuable  instrument  for  checking  our  work 
with  the  standard  cell. 

Dr.  R.  T.  CiLAZEBBOOK:  I  have  already  spoken  a  great  deal  at  this  meet- 
ing on  these  subjects,  and  do  not  wish  to  detain  you  very  long.  I  am  glad 
to  have  this  opportunity  of  expressing  my  appreciation  of  the  paper  just 
read.  The  labor  involved  in  producing  such  a  paper  is  extreme,  and  its 
value  can  hardly  be  overestimated.  I  wish  to  particularly  emphasize  one 
point  that  Doctor  Guthe  has  brought  out  and  with  which  I  entirely  agree, 
and  that  is  this,  that  the  experiments  of  Mr.  Skinner  and  myself  must  be 
held  to  relate  solely  and  simply  to  the  form  of  silver  voltameter  used  by 
us  in  that  experiment. 

Lord  Kayleigh  also,  I  think,  would  disclaim  the  view  that  he  had  deter- 
mined the  electrochemistry  of  silver,  or  that  he  had  investigated  completely 
all  the  conditions  that  ought  to  be  satisfied  before  you  can  say  that  the 
result  arrived  at  was  the  electrochemical  equivalent  of  silver. 

In  the  specification  for  the  iise  of  the  voltameter  which  was  published 
by  the  English  Board  of  Trade,  full  details  are  given  as  to  the  silver  volt- 
ameter which  he  used,  and  which  has  often  been  used  in  England.  It  is,  I 
think,  interesting  to  point  out  our  experiments  as  giving  the  ratio 
between  the  electrochemical  equivalent  of  silver  and  the  e.m.f.  of  Clark's 
cell.  It  may  be  the  value  for  the  electrochemical  equivalent  of  silver 
derived  from  the  experiments  with  the  electrodynamometer  needs  cor- 
rection, and  if  so  that  will  account  for  the  higher  value  of  the  e.m.f.  of 
the  cell,  which  we  have  alwaj's  obtained  in  England.  This  is  a  point 
which  I  hope  will  be  settled  before  very  long,  because,  as  I  have  already 
explained,  an  ampere  balance  from  which  we  anticipate  very  excellent 
results  is  now  under  construction  in  England. 

I  will  close  by  expressing  my  thanks  to  Doctor  Guthe,  and  I  believe 
that  every  one  interested  in  this  subject  will  find  his  work  of  very  great 
importance. 

Dr.  W.  D.  Bancroft:  1  should  like  to  ask  whether  experiments  have 
been  made  with  a  rotating  cathode  inside  the  porous  cup.  In  that  case 
there  would  be  practically  no  differences  of  concentration  in  the  cathode 
solution.  You  would  get  a  better  deposit,  and,  if  necessary,  you  could 
run  a  higher  current-density   and  precipitate  more  silver. 

Dr.  K.  E.  GuTiiE:  Doubtless  the  rotating  cathode  gives  very  satis- 
factory results  for  electrochemical  analj'sis  and  it  would  probably  be  of 
help  in  silver  voltamctric  work.  The  trouble  with  the  voltameter  origi- 
nates, however,  at  the  anode.  One  objection  to  a  rotating  electrode  is  the 
more  complicated  arrangement  of  apparatus  necessitated  by  it. 

Dr.  W.  D.  Bancroft:  The  other  point  is  apparently  settled,  that  in 
the  case  of  silver  there  is  no  difference  in  the  weight  when  deposited  on 
a  platinum  or  a  silver  cathode,  but  that  is  not  the  case  with  other  metals 
standing  higher  in  the  voltaic  series.  In  some  experiments  we  made  on 
the  plating  of  zinc,  we  found  that  in  sulphate  solutions  there  is  great 
difficulty  in  getting  a  good  deposit  of  zinc  on  a  copper  cathode  while  a 
zinc  cathode  gives  satisfactory  results. 
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Mr.  S.  S.  Sadtlek:  1  would  like  to  ask  Doctor  Guthe  whether  silver 
nitrate  would  not  be  a  good  silver  salt  to  use  as  electrolyte.  He  speaks 
of  action  on  the  electrodes  at  the  surface  of  the  electrolyte,  which  might 
be  avoided  by  the  silver  salt  being  in  a  lower  state  of  oxidation. 

Dr.  K.  E.  Guthe  :  In  my  article  a  number  of  silver  salts  besides  the 
nitrate  have  been  mentioned,  but  they  do  not  seem  to  have  proved  superior 
to  the  nitrate.  I  am  not  aware  that  the  nitrite  has  ever  been  used  in  a 
voltameter. 

Doctor  Bancroft  then  took  the  chair,  and  Doctor  H.  S.  Carhart  said: 

1  have  only  a  few  remarks  to  make  un  Doctor  Guthe's  admirable  paper. 
In  the  first  place,  1  should  like  to  explain  that  the  determinations  1 
made  of  the  e.m.f.  of  Clark  cells  at  that  time  were  incidental  to  some  other 
work  I  was  doing.  I  made  only  two  determinations  of  e.m.f.  and  they 
could  not  be  reduced  until  three  years  after  the  experiments,  for  the 
reason  that  the  electrochemical  equivalent  of  silver  was  not  known  with 
sufficient  accuracy.  They  were  not  reduced  until  after  the  publication  of 
Lord  Rayleigh's  paper  in  1884,  I  think  it  was.  This  work  was  done  in 
the  wir^ter  of  1881  or  spring  of  1882,  and  the  only  Clark  cell  I  think  I 
had  evcv  seen  at  that  time  was  the  one  I  used.  It  was  a  large  one  which 
was  in  the  laboratory  at  'Berlin.  It  was  hermetically  sealed,  and  in  it 
was  sealed  a  thermometer.  The  instrument  itself  was  provided  for  me 
by  Professor  Helmholtz  at  the  time.  8o,  if  I  reached  a  fairly  good  value 
as  determined  by  later  research,  it  was  perhaps  more  good  fortune  than 
the  result  of  any  very  careful  work. 

Now,  further,  I  must  confess  that  I  am  somewhat  surprised  to  see  the 
wide  variations  and  difficulties,  brought  out  in  this  paper  of  Doctor  Guthe, 
which  occur  in  the  use  of  the  silver  voltameter.  We  have  been  told  by 
Professor  Kohlrausch  that  the  cliemical  reactions  or  relations  in  the  silver 
voltameter  are  much  simpler  tlian  they  are  in  the  standard  cell ;  but  after 
reading  this  paper,  I  think  that  statement  is  very  doubtful.  It  strikes 
me  there  are  many  more  points  left  unsettled  in  the  use  of  the  silver 
voltameter  than  there  are  in  the  standard  cell.  At  all  events,  the  dis- 
crepancies now  are  at  least  as  great  as  we  find  in  standard  cells,  and  I 
believe  that  the  discrepancies  with  the  silver  voltameter  are  greater  than 
those  in  standard  cells.  But  it  must  be  admitted  by  everybody  that  when 
we  are  going  to  measure  currents  we  can  not  use  the  silver  voltameter, 
but  must  use  standard  resistances  and  a  standard  cell  with  a 
potentiometer. 

I  wish  to  add  one  more  remark  with  reference  to  the  difference  in  the 
e.m.f.  of  the  Clark  cell  obtained  by  the  silver  voltameter  at  the  Reich- 
sanstalt  and  elsewhere.  It  is  not  generally  known  that  the  value  obtained 
by  means  of  the  silver  voltameter  at  the  Reichsanstalt  was  corrected  by 
reference  to  the  ratio  between  the  e.m.f.  of  the  Clark  cell  and  that  of 
the  cadmium  cell  measured  by  a  direct  comparison,  and  this  fact  accounts 
for  a  part  of  the  difl'erence.  The  procedure  was  as  follows :  The  e.m.f. 
of  the  Clark  cell  at  15  deg.  was  determined  by  the  silver  voltameter,  or 
at  least  the  results  were  corrected  to  15  deg.  The  e.m.f.  of  the  cadmium 
cell  at  20  deg.  was  also  measured  by  the  silver  voltameter ;  and  thus  the 
ratio  between  the  Clark  cell  at  15   deg.  and  the  cadmium  cell  at  20  deg. 
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\v!f.a  obtained.  This  ratio  has  also  been  determined  by  direct  comparisons, 
and  several  series  of  such  comparisons  have  been  carried  out.  The 
inference  then  was  that  the  directly  measured  ratio  of  Clark  15  deg.  to 
the  cadmium  20  deg.  was  more  reliable  than  that  obtained  by  the  use  of 
tlie  silver  voltameter.  The  ratio  obtained  by  the  silver  voltameter  was 
then  corrected.  The  value  of  the  e.m.f.  of  the  Clark  was  reduced,  and  that 
of  the  cadmium  cell  raised,  in  order  to  make  the  ratio  correspond  to  that 
obtained  by  direct  measurement.  The  reduction  in  the  cadmium  cell  and 
the  increase  in  the  Clark  was  of  course  small.  That  correction  accounts 
for  a  part  of  the  difference  in  results. 

The  following  paper  was  then  read  by  Professor  Carhart. 


A  STUDY  OF  THE  MATERIALS  USED  IN  STAND- 
ARD CELLS  AND  THEIR  PREPARATION.* 


BY  PROF.  H.  S.  CARHART  AND  PROF.  GEO.  A.  HULETT. 


PART  I. 

MEECUROUS  SULPHATE  AND  STANDARD  CELLS. 


BY  GEO.  A.  HULETT,  Assistant  Professor,  University  of  Michigan. 


Variations  in  the  e.m.f,  of  standard  cells  have  been  traced 
to  the  HgjSO^  used  as  depolarizer,  and  especially  Jaeger  and  St. 
Lindeck,  Zeitsch.  f.  Instk.  21,  33,  1901,  have  shown  that  cells  made 
with  mercurous  sulphate  from  different  sources  may  differ  as 
much  as  0.0002  V.  It  is  also  well  known  that  standard  cells,  when 
first  set  up,  have  a  high  e.m.f.,  but  in  a  month  or  so  settle  down 
to  a  constant  value.  Also  little  is  known  of  changes  taking  place 
when  HgjSO^  is  exposed  to  the  light. 

In  conjunction  with  the  work  of  Professors  Carhart  and  Pat- 
terson on  the  absolute  determination  of  the  e.m.f.  of  the  cadmium 
cell,  the  chemical  side  of  the  cell  has  been  taken  up  and  the  follow- 
ing results  obtained. 

The  preliminary  work  was  the  testing  of  various  samples  of 
HgjSOi  from  the  point  of  view  of  their  use  as  a  depolarizer.  In 
each  leg  of  an  H  cell  was  placed  mercury  and  the  cell  was  then 
filled  to  above  the  cross-bar  with  dilute  H^SO^;  with  mercurous 
sulphate  on  the  mercury  there  was  no  e.m.f.  provided  the  Hg^SO^ 
in  each  leg  was  from  the  same  sample,  but  different  samples  gen- 
erally gave  an  e.m.f.  One  preparation  (electrol}i:ic,  to  be  de- 
scribed later)  was  taken  as  a  standard  and  all  others  compared  to 
this  reference  HgoS04. 

Preparations  of  well-known  makes  differed  markedly  often  by 
0.001  V  when  tested  in  this  way,  and  my  own  preparations  made 
in  various  ways  showed  little  agreement.  That  prepared  by  add- 
ing  a  solution  of  HgNOj  slowly  io  H2SO4  (1  to  6  vol.)  with  rapid 

•  This  investigation,  carried  out  with  the  aid  of  a  grant  from  the  Eliza- 
beth Thompson  Seience  Fund,  is  still  in  progress.  The  authors  desire  to 
express  their  indebtedness  to  the  trustees  of  this  fund. 
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stirring  seemed  best,  that  is,  it  was  practically  the  same  as  the 
electrolytic,  while  the  sample  made  by  adding  HgNOg  to  CdSO^ 
solution  showed  +-0002  T^  These  results  led  me  to  devise  the  fol- 
lowing electrolytic  method  of  preparing  pure  Hg,S04.  It  seemed 
desirable  to  use  only  Hg  and  H2SO4,  but  these  substances  interact 
with  sufficient  rapidity  only  when  concentrated  HoSO^  is  useJ 
and  at  a  high  temperature;  also  this  product  carries  H2SO4  which 
is  difficult  to  remove,  and  gives  a  high  e.  m.  f.  in  a  single  potential 
electrode,  as  shown  by  Sauer,  Zeitsch.  Ph.  Cli.  47,  182,  1904. 

The  desire  to  use  dilute  H2SO4  at  a  low  temperature  suggested 
the  idea  of  using  an  electric  current  and  making  the  mercury  the 
nnodc  with  a  Pt.  kathode  in  the  dilute  HoSO^.     Ostwald,  Zeitsch. 


Platinum  kathode 


r^"!^"^ 


H2SO4 

1  to  6  by  volume 
—Mercury 


Fig.  1. 


Ph.  Ch.  15,  500  (1895),  and  Xernst,  Zeitsch.  Ph.  Ch.  34,  129,  have 
ohown  that  Hg  under  such  conditions  goes  into  solution  as 
mercurous  mercury,  and  in  our  case  H,  is  separated  on  the  Pt. 
kathode;  later  when  the  electrolyte  contains  mercurous  ions  some 
of  these  are  also  deposited  on  the  Pt.  but  due  to  the  slight  solu- 
bility of  HgoS04  (0.400  gm/L.)  and  the  large  excess  of  H  ions, 
relatively  little  mercury  is  deposited  on  the  kathode. 

As  soon  as  the  electrolyte  becomes  saturated  with  HgoS04  the 
salt  begins  to  separate  in  a  crystalline  form  and  collect  on  tlie 
mercury.  A  motor-driven  stirrer  is  needed  to  keep  the  surface  of 
the  mercury  free  of  HgoS04  and  in  contact  with  the  electrolyte. 
Fig.  1  gives  a  sectional  view  of  the  apparatus  needed  to  prepare 
the  electrolytic  mercurous  sulphate. 

In  the  bottom  of  a  strong  beaker  glass  or  dish  is  placed  mercury 
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1  to  2  cm  deep  and  on  tliis  is  sulphuric  acid  (1  to  G  l>y  volume) 
some  10  cm  deep.  A  Ft.  electrode  of  convenient  size  is  suspended 
in  the  acid,  while  contact  is  made  with  the  mercury  in  the  usual 
way  with  a  Pt.  wire,  protected,  except  at  its  point,  with  a  glass 
tube.  One  may  use  a  current  density  of  0.3  amp,  to  100  cm- 
mercury  surface  or  even  more  when  all  is  working  nicely.  The 
stirring  is  important,  the  L  part  of  the  stirrer  should  pass  close  to 
tiie  surface  of  the  mercury  and  quite  rapidly,  but  not  so  rapidly 
that  the  surface  of  the  mercury  will  be  broken  into  globules.  The 
stirrer  is  best  provided  with  nietal  bearings  that  do  not  abrade.  If 
not  sure  of  the  purity  of  the  mercury  it  is  best  to  remove  it  after 
running  a  few  hours  and  start  afresh.  The  mercury  is  easily  and 
neatly  removed  by  a  separatory  funnel. 

One  hundred  cm"  mercury  surface  should  yield  about  3  gm  per 
hour,  and  it  is  well  to  prepare  the  HgoS04  in  a  dark  room  or  out 
of  bright  light,  as  light  decomposes  the  sulphate.  If  too  strong 
acid  is  used  or  the  stirring  is  too  rapid  the  product  will  be  quite 
grey,  due  to  finely  divided  mercury,  but  with  continued  and  steady 
agitation  with  mercury  and  acid  the  HgoSO^  becomes  white,  crys- 
talline and  fairly  large  grained. 

The  sulphate  should  be  preserved  in  contact  with  mercury  and 
under  acid  (1  to  6  vol.)  in  the  dark  until  needed.  xVnalysis 
has  been  made  of  this  ])roduct  showing  it  to  be  HgoS04,  while  its 
behavior  in  the  standard  cells  shows  that  it  is  a  very  pure  product, 
and  it  will  be  seen  later  that  it  does  not  contain  a  trace  of  HgSO^ 
(ic)  although  there  is  a  little  mercuric  mercurv  in  the  solution 
from  which  it  is  separated. 

Cells  made  up  with  this  electrolytic  HggSO^  as  depolarizer, — 
provided  precautions  are  taken  to  avoid  hydrolysis  —  show  a  much 
better  agreement  than  has  hitherto  been  obtained  in  standard  cell 
work.  This  is  shown  by  the  measurements  on  celh:  (D^  to  D^) 
and  (F^  to  F^„)  by  Professor  Carhart,  as  given  in  this  paper,  the 
e.m.f.  at  21.1  deg.  being  1.01908  int.  volts  for  the  cadmium  ele- 
ment, a  value  that  is  0.00030  V  lower  than  cells  constructed  accord- 
ing to  the  old  method. 

We  have  based  our  method  of  constructing  the  cells  on  the  facts 
brought  out  in  the  following  study  of  the  equilibrium  in  the  posi- 
tive leg  of  the  cadmium  cell  and  of  the  hydrolysis  of  mercurous 
sulphate. 

Abel,  Zeitsch.  Anorg,  CJiem.  26.  361  (1901),  has  shown  that 
whenever  we  have  mercury  in  contact  with  a  solution  containing 
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a  mercury  salt  there  will  result  an  equilibrium  between  the  (ous) 
and  the  (ic)  mercury  in  solution  and  the  metal.     For  the  nitrate 

Abel  found  the  ratio  oiJ^AS^)  =  200.    There  is  relatively  little 

Jig  (ic) 

(ic)  mercury  in  a  solution  that  is  in  equilibrium  with  mercury;  and 
since  the  mercuric  sulphate  is  more  soluble  than  the  mercurous,  if 
we  bring  the  system  Hg-Salt-solution  to  equilibrium,  the  salt  can- 
not contain  mercuric  sulphate,  but  would  be  only  mercurous  sul- 
phate. To  test  this  point  some  mercuric  sulphate  was  recrystallized 
from  dilute  H2SO4.  The  mass  soon  became  grey,  due  to  finely 
divided  mercury,  but  on  continued  agitation,  the  salt  became  white 
and  beautifully  crystalline.  A  cell  was  made  up  from  this  salt 
and  showed  at  21.1  deg.  1.01911  volts,  a  value  practically  identical 
with  the  electrolytic  Hg2S04,  a  result  that  substantiates  the  conclu- 
sions drawn  from  Luther  and  Abel's  work. 

In  the  positive  leg  of  the  cadmium  cell  we  have  Hg,  Hg2S04 

Q 

and  CdSO.  —  HoO  in  contact  with  a  saturated  solution  and  we  are 
3 

then  to  conclude   that  here   also   the   solution  will   contain   both 

mercurous  and  mercuric  mercury,  while  the  solid  salt  is  onlv 
Hg2S04  and  possibly  a  basic  salt. 

A  solution  that  was  brought  to  equilibrium  with  Hg,  Hg2S04 

and  CdSOi— H2O  at  25  deg.  was  carefully  anal3^sed  by  adding  a 

little  KCl  which  precipitated  the  mercurous  mercury  as  HgCl.  It 
was  found  that  a  liter  of  such  a  solution  contained  1.090  gm  of  mer- 
curous mercury,  a  surprisingly  large  amount  in  view  of  the  solu- 
bility of  Hg,S04  ill  dilute  sulphuric  acid,  0.400  gm/L. 

It  has  been  further  shown  by  Abel  1.  c.  that  in  the  absence  of  the 
metal  we  may  remove  the  mercurous  mercury  and  not  disturb  the 
mercuric  mercury;  so  the  filtrate  from  the  above  determination  con- 
tained all  the  mercuric  mercury  originally  present ;  and  if  now  we 
bring  this  filtrate  again  in  contact  with  metallic  mercury  the  old 
equilibrium  ratio  will  be  established;  and,  since  a  slight  excess  of 
KCl  is  present,  the  (ous)  mercury  will  separate  as  fost  as  formed. 
Thus  mercuric  mercury  may  be  detected  and  determined. 

It  was  found  that  on  bringing  the  above-mentioned  filtrate  into 
contact  with  mercury  HgCl  began  to  form  nt  once  and  collect  as 
a  coat  on  the  mercury.  ITie  amount  is  small  and  difficult  to  deter- 
mine (juantitatively.     One  result  indicated  tlie  ratio  of    ^fL}—^ 

Ilg  {ic) 

=  about  80  for  the  cadmium  sulphate  solution. 
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Theoretically,  it  should  make  no  difference  whether  we  construct 
a  cell  with  mercurous  or  mercuric  sulphate;  the  final  equilibrium 
would  be  the  same  in  either  case;  but  the  conditions  in  a  cell  are 
very  unfavorable  to  attaining  equilibrium ;  and,  mercuric  sulphate 
being  more  soluble,  would  increase  the  total  e.m.f.  of  the  cell. 

The  Hydrolysis  of  Mercurous  Sulphate. 

Mercurous  salts  on  dissolving  yield  some  mercuric  mercury  and 
metal  and  tend  to  come  to  an  equilibrium  as  indicated  above ;  there- 
fore it  was  deemed  advisable  alwa}s  to  keep  an  excess  of  mercury 
present  when  working  with  mercurous  sulphate.  Accordingly  some 
15  grams  Hg2S04  with  a  large  excess  of  Hg  was  shaken  with  400 
c.  c.  of  water  at  25  deg.  until  equilibrium  was  established.  The  salt 
remained  white,  that  is,  the  yellow  salt  commonly  observed  did 
not  appear.  The  solution  contained  0.00235  moles  of  mercurous 
mercury  per  liter  and  0.00225  moles  SO4  and  showed  a  conductivity 
of  0.000975  ohm-^  cm-^  at  25  deg.  The  solution  was  syphoned  from 
the  solid  and  400  c.  c.  more  water  added  and  again  shaken  and 
this  process  repeated,  waiting  each  time  until  equilibrium  was  ob- 
tained. The  conductivity  of  the  successive  portions  remained  the 
same  0.000975;  also  analysis  showed  the  composition  of  these  suc- 
cessive solutions  to  be  constant.  The  residue  did  not  turn  yellow, 
but  did  in  time  take  on  a  greyish  tinge.  Evidently  the  commonly- 
observed  yellow  salt  has  little  to  do  with  the  hydrolysis  of  mercurous 
sulphate.  The  22d  solution  was  like  the  preceding,  but  the  23d 
showed  a  marked  drop  in  the  conductivity,  while  the  succeeding 
portions  now  had  a  conductivity  of  only  0.000060,  and  analysis 
showed  a  correspondingly  small  amount  of  mercury  present,  only 
0.037  mg  mercurous  mercury  in  a  liter. 

Evidently  the  mercurous  sulphate  had  completely  disappeared 
and  the  residue  (8.5  grams)  was  the  completely  hydrolysed  prod- 
uct. It  was  greyish  white  and  crystalline.  Analysis  showed  84.30 
per  cent  of  mercury  and  10.50  per  cent  of  SO4.  These  percentages 
do  not  show  a  close  agreement  with  the  formula  given  by  Gouy 
(Cr.  130,  1399.  1900)  (HgOH),  HgoSO,.  which  requires  86.02 
per  cent  Hg  and  10.32  per  cent  SO^.  However,  it  was  found  that 
the  basic  salt  does  not  dissolve  as  such,  but  is  decomposed  by  the 
continued  action  of  water^,  and  the  above  salt  had  been  in  contact 
with  much  water  after  forming.     The  results,  therefore,  confirm 

1.  Compare  Cox,  "  Ueber  basische  Quecksilbersalze,"  Zeit.  Anorg.  Ch., 
40,  146,  1904. 
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Gouy's  formula;  and  further,  since  the  solution  contained  uni- 
formly 0.0023,5  eq.  ous  mercury  to  0.0022  of  SO4,  there  must  be 
HgHS04  in  solution,  the  slight  excess  of  mercury  over  SO4,  coming 
from  the  slight  solubility  of  the  basic  salt.  We  are  to  conclude 
then  that  a  solution  of  0.0023  moles  of  HgHS04/iy  will  not  hy- 
drolyse  mercurous  sulphate,  and  might  safely  be  used  in  a  pre- 
liminary washing  of  the  sulphate. 

From  the  above,  then,  the  hydrolysis  of  Hg2S04  takes  place  as 
follows : 

3Hg,S04+  2H,0=(HgOH)oHg2S04+  2HgHS04. 
And  further,  a  liter  of  water  hydrolyses  1.75  gm  Hg2S04  leaving 
0.90  gm  of  (Hg^OH),  HgoS04  as  a  residue  while  0.68  gm  HgHS04 
go  into  solution. 

It  seemed  further  advisable  to  know  the  concentration  of  sul- 
phuric acid  which  would  prevent  the  hydrolysis  of  Hg2S04  and 
this  information  \uis  sought  by  following  the  solubility  at  25  deg. 
of  HgoSOi  in  110804  of  varying  concentrations.  Here  again 
mercury  was  always  present  in  excess  and  care  was  taken  that  the 
system  Hg,  Hg.SOi  solution  was  really  in  equilibrium  before 
analysis  was  made  of  the  liquid  phase.  The  following  table  gives 
the  results  obtained,  the  mercurous  mercury  in  200  c.  c.  was  in 
each  case  weighed  as  HgCl.  and  in  all  cases  the  filtrate  showed  a 
brown  coloration  with  HoS.  Here  again  we  find  the  equilibrium 
between  Hg  and  (ous)   and   (ic)   mercury  ift  solution.     The  ratio 

in  these  cases  was  ^J2^  ^  2OO. 
Sg  {ie) 

.Dilution  Grms.  of 

of  H3SO4  HgCl  /200  c.  c. 

250  L.  .0880 

100  .0755 

50  .0719 

20  .0726 

10  .0768 

5  .0827 

4  .0860 

3  .0925 

2  .0983 

1  .1034 

'f  .1022 

Jf  .0908 

}  .0411 


Moles  of 
Ig(ous)  /L. 

Grms.  of 
Hg(ou8)  /L. 

.001880 

.376 

.001603 

.321 

.001527 

.305 

.001537 

.307 

.001625 

.325 

.001762 

.352 

.001826 

.365 

.001962 

.392 

.002081 

.416 

.002208 

.442 

.002121 

.424 

.001932 

.386 

.000871 

.174 
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The  results  plotted  in  the  I'ona  of  a  curve  with  concentrations 
of  mercurous  mercury  as  ordinates  and  dilution  of  H2SO4  (num- 
ber of  liters  which  contain  a  molecular  weight)  as  abscissa  show 
the  peculiar  behavior  of  the  salt.  Starting  with  the  most  con- 
centrated acid  II2SO4  (7  =  1/4//)  (eight  times  normal)  the  solu- 
bility is  very  small,  0.174  gm  of  (ous)  mercury  in  a  liter,  but  the 
solubility  increases  rapidly  with  dilution  of  the  acid  and  is  a 
maximum  at  H2SO4  V=^1L.  Here  there  is  a  sharp  break  in  the 
curve,  the  solubility  decreases  rapidly  with  dilution  and  linear  from 
(HoSOiF^lL)   to  ('F  =  4L)  where  another  less  marked  break 


•S2.0 


-1.8 


3  1.4 


1.2 


1.0 


c 

1 

/ 

p 

N 

^ 

"^ 

■ . 

Sol 

ability  ( 

.f  HgaS 

O4  in  S( 

ilufions 

of  H2S 

O4 (v=! 

4 1  to  v= 

=ion  a 

;25°C 

1 

1  2  3 

Dilution  of  H2  SO4 


lOL 


Fig.  2. 


occurs.  From  F  =  4/v  the  decrease  in  concentration  of  (ous) 
mercury  is  less  rapid,  becomes  a  minimum  at  V  ==  40L  and  then 
begins  to  increase  to  0.371  gm  of  (ous)  mercury  in  a  liter  at 
V  =:  250L. 

The  cause  of  the  interesting  break  at  H2SO4  V  =  1L  has  not 
yet  been  fully  ascertained,  but  at  H0SO4  V^=4Jj  hydrolysis  has 
already  begun  to  be  effective,  yielding  HgHSO^  in  solution  and 
this  acts  against  the  decreasing  solubility,  and  at  HjSO^  V  =  40L 
actually  reverses  the  direction  of  the  curve. 
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It  was  deemed  advisable  to  prepare  HgaSO^  electrolytically  from 
H2SO4  of  greater  strength  than  {V  =  1L)  and  a  sample  was  made 
from  llolSO^  V  =  1/oL  and  washed  with  alcohol  to  remove  the 
acid  and  water  and  then  analysed.  The  result  was  80.50  per  cent 
lig  and  19.40  per  cent  of  SO4  (theory  requires  80.65  per  cent 
mercury  and  19.36  per  cent  SO4).  A  second  sample  of  HgjSO^ 
was  made  from  acid  of  a  strength  falling  between  V=1L  and 
y  =  4L,  that  is  on  the  straight  line  beyond  the  break  at  HsSO^ 
V  =  IL.  Analysis  of  this  sample  showed  80.77  per  cent  Hg  and 
19.25  per  cent  SO4  indicating  the  presence  of  a  very  small  amount 
of  basic  salt. 

Cadmium  cells  were  now  made  up  with  these  two  samples  and  the 
one  made  from  the  last  sample  {V^2L)  gave  the  higher  e.m.f. 
by  0.0001  V,  indicating  the  presence  of  basic  salt. 

Hg.SO^  should,  therefore,  be  made  from  acid  stronger  than 
110804  V  =  IL  and  the  strength  first  chosen  by  chance  1  to  6  bv 
volume,  about  H2SO4  V  =  1/3L,  seems  to  be  about  right. 

A  cadmium  cell  was  now  made  up  in  the  usual  way  only  the  de- 
polarizer was  the  completely  hydrolysed  salt  and  the  e.m.f.  ia 
only  1.01620  V  after  two  months  and  it  has  not  yet  reached  its 
constant  value.  I'his  result  agrees  with  the  slight  solubility  found 
for  tlie  hydrolysed  salt  assuming  it  is  also  less  soluble  in  CdS04 
solution  than  Hg2S04.  It  is  to  be  noticed  that  the  greater  the 
concentration  of  mercury  in  the  solution  of  positive  leg  of  the  cell 
the  greater  the  total  e.m.f.  and  vice  versa,  for  solutions  of  mercury 
are  decidedly  negative  to  the  metal  mercurj';  e.  g.,  in  the  single 
1)otential  calomel  electrode  the  solution  contains  0.030  gm  Hg/L 
onl}',  but  the  potential  difference  is  0.560  V.  Above  we  have  found 
that  a  saturated  CdoSO^  solution  dissolves  about  1.1  gm  to  a  liter 
of  (ous)  mercury  and  it  seemed  probable  that  the  e.m.f.  in  the 
positive  leg  w^ould  be  quite  large.  This  w'as  tested  by  a  calomel 
electrode  which  was  joined  to  a  cadmium  cell  and  it  was  found  that 
the  potential  difference  between  the  cadmium  amalgam  and  CdSO, 
solution  was  only  0.0862  T',  while  in  the  positive  leg  the  potential 
difference  was  0.934  V,  a  surprising  result,  but  in  accord  with  the 
solubility  of  TTg„S04  in  a  saturated  CdS04  solution.  In  the  deter- 
mination of  the  single  potential  differences  no  account  was  taken 
of  the  potential  difference  at  the  junction  of  the  XOl/n  solution 
of  the  calomel  eloffrode  and  the  CdSO.,  solution  of  the  cell,  as  the 
necessary  daWi  for  calculation  is  not  at  hand ;  but  it  is  known  that 
such  potential  differences  are  small. 
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The  above  results  cmj^hasize  the  importance  of  the  role  played 
by  the  depolarizer  Hg2S04  on  the  e.  in.  f.  of  standard  cells.  Fur- 
ther indirect  evidence  on  this  point  was  obtained  by  the  following 
cadmium  cells  /g  and  I^^  set  up  in  the  usual  way  except  in  /g  the 
solution  used  to  fill  the  cell  contained  some  ZnSO^  (1  part  ZnS04 
to  99  parts  CdSO^)  and  in  cell  I^q  the  amalgam  contained  zinc 
(1  part  to  99  Cd).  I^  has  the  same  value  as  another  cell  made  with 
same  materials,  but  without  ZnSO^,  indicating  that  ZnS04  —  the 
most  probable  impurity  to  be  expected  in  the  CdS04  —  is  not  to  be 
feared.  The  cell  Z^o  showed  an  e.  m.  f.  0.00013  V  higher  than  I^, 
that  is,  the  1  per  cent  Zn  affected  the  e.m.f.  by  .00013  V  only;  and 
in  time  Zjo  will  no  doubt  agree  with  /„  since  Zn  will  go  into  solution 
and  deposit  Cd. 

A  cell  was  now  set  up  with  electrolytic  HgoS04  washed  to  avoid 
hydrolysis,  but  then  mixed  with  about  one-sixth  its  weight  of  the 
completely  hydrolysed  salt.  The  cell  had  the  value  1.01939  V  21.1 
deg.  at  first  and  is  now,  after  a  month,  1,01934.  This  indicates 
that  a  mixture  of  HgoS04  and  (HgoOH),  Hg2S04  gives  a  higher 
{'.m.f.  than  either  alone,  that  is,  yields  a  greater  concentration  of 
mercury  in  the  solution  in  the  positive  leg  of  the  cell.  If  precau- 
tions are  taken  to  prevent  hydrolysis  we  have  only  Hg.,S04  present, 
and  the  cadmium  cell  has  the  value  1.01908  int.  volts  at  21.1  deg. 

With  proper  precautions  in  the  preparation  and  washing  of  the 
HgoSOi  the  cadmium  cells  soem  to  be  reproducible  to  at  least  five 
parts  in  100.000  and  it  seems  probable  that  more  experience  will 
even  reduce  this  variation.  The  important  point  is  the  rigid  exclu- 
sion of  the  hydrolysed  product  either  in  the  preparation  or  wash- 
ing of  the  Hg^,S04.  The  directions  given  in  the  second  part  em- 
body the  results  of  our  work  and  experiences  to  date,  and  it  might 
be  added  that  the  washing  with  absolute  alcohol  and  ether  to  re- 
move the  acid  has  many  points  in  its  favor;  but  for  some  reason 
the  cells  so  constructed  are  at  first  some  0.00010  V  high  and  only 
attain  the  normal  value  in  a  month  or  so.  but  do  not  finally  difPer 
from  those  made  by  washing  with  CdSO^  solution.  The  Hg.SO^ 
prepared  as  directed  is  distinctly  crystalline  and  the  grains  of  suf- 
ficient size  to  avoid  any  effect  of  size  of  particles  on  the  solubility. 
The  details  of  the  analyses  and  experimental  work  given  in  this 
paper  appeared  in  full  in  the  Zeitsch.  f.  Ph.  Ch.  49,  483  (1904). 


PART  II. 

PREPAEATION  OF  MATERIALS  AXD  CONSTRUCTION 

OF  CELLS. 


BY  PROF.  HENRY  S.  CARHART,   University   of   Michigan. 


The  chemical  research  done  on  mercurous  sulphate  by  Dr.  Hulett 
points  out  the  best  method,  according  to  present  information, 
for  preparing  this  salt  for  use  in  Clark  and  Weston  standard  cells. 
The  present  part  of  this  paper  will  be  restricted  to  directions  for 
preparing  the  materials  entering  into  standard  cells,  particularly 
the  Weston  Normal  Cell,  with  excess  of  cadmium  sulphate  crystals, 
to  the  method  of  setting  up  cells,  and  to  the  results  of  observa- 
tions extending  over  a  period  of  more  than  a  year. 

Meecury. 

The  mercury  for  the  positive  electrode  and  for  making  the 
mercurous  sulphate  should  first  be  thoroughly  shaken  with  a  dilute 
nitric  acid  solution  of  mercurous  nitrate;^  and,  after  drying,  it 
sljould  be  distilled  in  a  vacuum  at  least  twice. 

Cadjnjium  Sulptcate. 

Chemically  pure  comnierical  CdSO^  S/SHoO  is  dissolved  at 
room  temperature  in  its  own  weight  of  distilled  water,  preferably 
with  the  aid  of  a  motor-driven  stirrer.  The  solution  must  be 
filtered  till  it  is  perfectly  clear;  it  may  then  be  placed  in  a  large 
crystallizing  dish  in  a  small  room  free  from  dust.  It  is  advanta- 
geous to  remove  the  water  vapor  by  ap[)ropriate  drying  agents. 
The  slow  crystallization  taking  place  should  insure  perfectly  trans- 
parent crystals. 

After  about  two-thirds  of  the  water  has  evaporated  the  mother 
liquor  should  bo  poured  oflP  and  onJi/  the  clear  crystals  should  he 
selected.  Those  tliat  are  white  may  be  redissolved  and  added  to  the 
mother  liquor.  The  solution  is  again  filtered  clear  and  is  left  to 
crystallize  as  before.     The  selected  clear  crystals  are  rinsed  with 
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distilled  water,  drained,  and  left  to  dry;  or  they  may  be  dried 
by  spreading  them  out  on  sheets  of  filter  paper. 

In  crystallizing  about  five  kilogrammes  of  CdSO^  8/3  H2O 
the  final  100  c.  c.  of  mother  liquor  contained  only  the  merest 
trace  of  zinc;  and  zinc  is  the  chief  impurity  to  be  eliminated. 
It  should  remain  in  the  mother  liquor,  since  zinc  sulphate  and 
cadmium  sulphate  are  not  isomorphous. 

Moreover,  a  trace  of  zinc  sulphate  mixed  with  cadmium  sul- 
phate produces  only  an  insignificant  effect  on  the  e.m.f.  of  the 
cell.  Cell  19  was  made  up  with  a  solution  containing  1  per  cent 
zinc  sulphate  and  99  per  cent  cadmium  sulphate.  Its  e.m.f.  is  not 
higher  than  that  of  other  cells  made  at  the  same  time  and  not 
containing  zinc  sulphate. 

Cadmium  sulphate  crystals  dissolve  very  slowly.  The  solubility 
is  increased  by  heat,  but  the  temperature  must  not  be  raised  above 
40  deg.,  in  order  to  avoid  the  formation  of  a  different  hydrate. 
The  crystals  should  be  covered  with  two-thirds  their  weight  of 
distilled  water  in  an  Erlenmeyer  flask.  A  suitable  stirrer  should 
keep  the  water  moving  over  the  crystals  for  at  least  half  a  day, 
preferably  in  a  bath  at  25  deg.  controlled  by  a  thermostat.  The 
solution  should  be  clear  and  should  remain  so.  It  should  be  left 
standing  over  the  crystals,  and  when  it  is  used  it  should  be  saturated 
at  a  temperature  as  high  as  25  deg.  The  saturation  of  the  solu- 
tion is  of  great  importance  in  order  that  the  cells  may  quickly 
reach  electrical  equibibrium. 

Cadmium  Amalgam. 
The  cadmium  amalgam  invariably  used  in  all  the  cells  under 
observation  contained  12.5  per  cent  metallic  cadmium.  To  pre- 
pare it  the  following  method  is  recommended:  A  large  crystal- 
lizing dish  is  nearly  filled  with  a  saturated  solution  of  cadmium 
sulphate  slightly  acidulated  with  sulphuric  acid.  In  a  small,  low 
crystallizing  dish  is  placed  a  weighed  quantity  of  pure  mercury, 
and  the  dish  with  its  mercury  is  immersed  in  the  acidulated  cad- 
mium sulphate  solution.  The  pure  cadmium  of  commerce  is 
melted  down  into  a  large  flat  button  with  a  stick  of  cadmium  at- 
tached for  electrical  connection;  or,  several  of  the  cadmium  rods, 
bound  together,  are  placed  together  in  a  vertical  position  with  their 
lower  ends  in  the  solution  and  beneath  them  a  small  crystallizing 
dish.  If  the  cadmium  button  or  disk  is  used,  it  should  be  placed 
in  the  second  low  crystallizing  dish,  which  retains  the  finely  divided 
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anode  powder.  The  metallic  cadmium  is  then  made  the  anode  and 
the  mercury  the  kathode,  connection  with  the  latter  being  made 
by  means  of  a  platinum  wire  sealed,  except  at  its  end,  in  a  glass 
tube.  The  fall  of  potential  from  anode  to  kathode  should  not  ex- 
ceed 0.3  volt.  An  ammeter  should  be  used  to  keep  account  of 
the  quantity  of  electricity  flowing  through  the  cell,  until  some- 
tliing  more  than  the  requisite  weight  of  cadmium  has  been  de- 
posited on  the  mercury  kathode.  The  small  dish  containing  the 
cadmium  amalgam  is  then  removed  from  the  bath  and  warmed 
till  the  amalgam  melts  under  the  cadmium  sulphate  solution. 
When  cool  it  forms  a  beautiful  crystalline  disk.  The  solid  amalgam 
should  then  be  washed,  dried  on  filter  paper,  and  weighed.  The 
necessary  additional  weight  of  mercur}'  to  make  a  13.5  per  cent 
amalgam  is  finally  added.  It  may  be  kept  under  cadmium  sul- 
phate solution,  and  should  be  melted  on  a  water  bath  to  insure 
homogeneity  before  using  in  a  cell.  This  method  yields  an  amal- 
gam free  from  zinc,  and  there  is  no  oxide  or  dross  formed,  as 
there  is  when  the  amalgam  is  made  by  the  method  of  heating  the 
weighed  cadmium  and  mercury. 

Mercurous  Sulphate. 

Kecently,  both  in  this  country  md  in  Europe,  variations  in  the 
electromotive  force  of  standard  cells  have  been  traced  to  the  mer- 
curous sulphate.  The  method  in  use  by  the  European  manufactur- 
ers of  this  salt  consists  in  its  precipitation  by  bringing  together 
a  solution  of  mercurous  nitrate  and  sodium  sulphate  or  sulphuric 
acid.  This  method  does  not  insure  the  absence  of  all  nitrate,  and 
when  sodium  sulphate  is  used  hydrolysis  of  the  precipitated  salt 
takes  place.  The  following  standard  method  has,  therefore,  been 
devised  by  Dr.  Hulett : — 

In  a  flat-bottomed  glass  vessel  is  placed  pure  mercury  about 
2  cms  deep.  It  is  covered  with  dilute  sulphuric  acid  to  a 
depth  of  8  or  10  cms.  The  acid  is  prepared  by  adding  one 
part  by  volume  of  concentrated  H0SO4  to  six  parts  of  distilled 
water.  Hydrolysis  of  mercurous  sulphate  does  not  take  place  in 
the  sulphuric  acid  solution  of  this  concentration.  The  solution  is 
electrolyzed  by  making  the  mercury  the  anode  and  a  piece  of  sheet 
])latinum  hung  in  the  acid  the  kathode.  A  current  density  of  about 
0.5  ampere  per  100  om^  surface  of  mercury  may  be  employed.  As 
soon  as  the  current  begins  to  flow  a  crystalline  mercurous  sulphate 
forms.     A  stirrer,  consisting  of  a  glass  rod  bent  at  right  angles 
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at  the  bottom,  must  be  used  to  keep  the  surface  of  the  mercury 
exposed  and  to  stir  the  solution  and  the  salt  formed;  it  should  be 
driven  rapidly  by  a  motor.  A  little  over  4  grammes  an  hour  can  be 
prepared  in  this  way  with  a  current  of  half  an  ampere.  The 
apparatus  should  be  kept  covered  with  black  paper  or  black  cloth, 
since  mercurous  sulphate  darkened  by  exposure  to  light  gives  too 
high  an  e.m.f.  If  the  stirring  is  continued  after  the  circuit  is 
broken,  the  crystals  of  mercurous  sulphate  increase  in  size  and  be- 
come whiter. 

The  mercurous  sulphate  may  be  removed  from  the  mercury  by 
means  of  a  separatory  funnel,  but  it  should  be  kept  under  the 
1  to  6  acid  solution,  in  contact  with  mercury,  and  in  the  dark. 

The  Paste. 

When  ready  to  fill  cells,  the  mercurous  sulphate  must  first  be 
washed  free  from  sulphuric  acid.  For  this  purpose  a  small  Gooch 
crucible  of  about  25  c.  c.  capacity  is  filled  three-fourths  full  of  the 
salt,  avoiding  much  free  mercury  which  interferes  with  the  filter- 
ing. A  tiny  filter  paper  covers  the  perforations  in  the  bottom 
of  the  crucible;  the  whole  is  mounted  on  a  Bunsen  filter  flask  and 
the  latter  is  attached  to  a  filter  pump. 

The  mercurous  sulphate  is  first  washed  a  couple  of  times  with 
the  (1  to  6)  dilute  sulphuric  acid,  and  then  five  or  six  times 
with  saturated  cadmium  sulphate  solution  to  remove  the  acid; 
only  a  few  cubic  centimetres  of  the  solution  are  needed  for  a 
single  washing;  after  each  washing  the  liquid  is  to  be  removed 
as  completely  as  possible  by  the  filter  pump.  The  last  washing 
leaves  the  mercurous  sulphate  ready  to  be  made  into  a  paste.  It 
is  advisable  to  remove  the  top  layer  after  the  last  washing. 

An  alternative  method  is  to  wash  with  absolute  alcohol  instead 
of  the  cadmium  sulphate  solution,  and  finally  once  with  sulphuric 
ether. 

The  paste  is  then  made  in  a  clean  agate  mortar  by  grinding 
together  crystals  of  the  pure  cadmium  sulphate  and  a  little 
mercury,  and  then  mixing  in  about  three  volumes  of  the  washed 
mercurous  sulphate;  finally,  add  enough  saturated  cadmium  sul- 
phate solution  to  make  a  thin  paste. 

Setting  up  the  Cell. 
The    H-ioTva    of    cell    is    altogether    the    most    convenient    to 
make    and    to    fill.       Fig.    3    shows    the    glass    cell,    ready    to 
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be  filled.  The  tubing  is  drawn  out  at  a  so  as  to  leave  the  diameter 
about  6  mm  and  with  thin  walls  at  this  point.  The  amalgam  is 
melted  over  a  water  bath  and  is  introduced  by  means  of  a  small 
tube,  slightl)'  contracted  at  the  end,  and  of  a  diameter  that  will 
allow  it  to  pass  freely  through  the  neck  at  a.  The  warmed  tube 
is  used  as  a  pipette,  and  it  permits  of  introducing  the  amalgam 
quickly  and  without  splashing.  It  should  always  be  wiped  with  a 
filter  paper  or  clean  cloth  before  it  is  introduced  into  the  cell. 

The  mercury,   the   thin   paste,   and   the  concentrated  cadmium 
sulphate  solution  may  be  introduced  in  the  same  manner.     An 


Fig.  3. 

alternative  method  is  to  fill  the  cell  through  little  funnels,  made  by 
drawing  out  small  test  tubes.  They  must  pass  through  the  neck 
at  a,  and  reach  well  down  toward  the  bottom.  After  the  mercury, 
the  amalgam  and  the  paste  have  been  introduced,  both  legs  of  the 
cell  are  filled  with  clean,  dry,  transparent  crystals  of  cadmium 
sulphate.  Enough  of  the  saturated  cadmium  sulphate  solution  is 
finally  added  to  fill  the  cell  to  the  top  of  the  cross-connecting 
tube. 

The  cell  is  finally  sealed  off  at  the  point  a  by  means  of  two 
small  horizontal  blast  flames,  5  cm  long,  directed  in  a  line  toward 
each  other  and  just  meeting.  The  narrow  part  a  is  brought  be- 
tween the  impinging  flames,  the  glass  quickly  softens,  and  the 
top  part  is  drawn  off.  A  cell  sealed  in  this  way  contains  nothing 
but  the  necessary  materials  of  the  voltaic  combination.  Tt  can- 
not leak,  and  can  be  immersed  in  a  kerosene  l)ath  without  danger 
that  the  oil  will  penetrate  into  the  inside,  as  it  docs  when  the 
cell  is  sealed  with  paraffin  and  sealing  wax. 

Results. 

The  two  curves  in   Fig.  4  show  the  behavior  of  iwo  cells,  D\ 

and  DO),  for  40  days  after  they  were  placed  in  a  constant  tem- 

jieratiiro  bath  at  21.1   deg.     The  lower  curve  belongs  to  7)1   and 

the  upper  one  to  T)C\.     D(^  was  made  with  mercurous  sulphate  pre- 
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pared  by  precipitation  with  a  solution  of  cadmium  sulphate;  Dl 
was  made  with  the  same  maierials,  except  that  the  electrolytic 
mercurous  sulphate  was  used.  The  e.m.f.'s  are  in  international 
volts. 

More  than  100  cells  in  all  have  been  set  up  to  test  the  various 
methods  of  preparing  the  materials,  chiefly  of  the  mercurous  sul- 
phate.    Many  thousands  of  comparisons  have  been  made.     I  have 
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selected  for  the  following  tables  only  such  as  seem  to  be  most 
valuable  from  the  point  of  view  of  the  results  attained.  The  com- 
parisons have  all  been  made  by  means  of  a  potentiometer  made  by 
Wolff  of  Berlin  and  an  H-pattern  galvanometer  made  by  the  Leeds 
&  Northrup  Company  of  Philadelphia.  It  is  quite  easy  with  this 
outfit  to  read  to  the  fifth  decimal  place.  The  temperatures  were 
tidven  with  a  Haak  thermometer,  graduated  to  hundredths  and 
accompanied  by  a  Eeichsanstalt  certificate. 

One  cell  of  Series  B,  set  up  in  June,  1903,  has  been  used  as  a 
reference  cell  for  setting  the  potentiometer.  Six  of  these  B  cells, 
set  up  in  the  same  manner,  are  in  very  close  agreement.  Assum- 
ing the  ratio  Clark  15  deg./Cadmium  20  deg.=  1.40670,  the  Weston 
Xormal  Cell  at  21.1  deg..  set  up  with  mercurous  sulphate  made 
ir.  the  old  way.  would  have  an  e.m.f.  of  1.01936  international 
volts.  The  values  given  in  the  tables  are  international  volts  on 
this  basis.  All  measurements  were  made  with  the  cells  in  a 
kerosene  bath ;  and  in  every  case  the  temperature  was  controlled 
by  a  thermostat,  except  for  the  temperature  of  1.7  deg.,  July  9. 

Cells  m  to  7)4  were  set  up  Dec.  21.  1903;  Fl  to  FID,  Feb.  15, 
1904.  the  J  cells  and  the  K  cells  at  the  date  of  the  first  measure- 
ments, recorded  under  them. 


124 


CARE  ART:     HTASUARU  Ci^LLS. 


;g§gggggggSggg 


iggggggfeggg 


gpoo  ^ap  T^  c 


ggj^gggggggggg 


00  00  Cl  GO  O  00  OS 

ooooooo 


?S8 


lO  into  »^  __      _ 

OOOOOOOOOOOOOOiOOC 


oooooooooooooooooooc 


oooooooooooooooooooo 


sss 


j-QOocaDODOoaooDQDOoaoQCgCQOT-igoco 
ooooooooooooooooo 


>oo 


4-     -f 
)  ^-  ac  i- 

oooooooo 


ss 


OOOIOOO 


gSoo 


r-i-cx;aooct-t-i-'^t9E9B£:9BtS9Sfc 

—  —  —  —  OOOOOOOO-^OO 


ooc  ooc 


i-iOOOOOOOOOOOOOOOOOOO 


sgisfesfefesssssiiissss 


28SS68S8§SSS8SSSSS8fe 


s 

O-— >-c^^^^»^'-^r-i»-ilNeii-i(NT-iT-iO.-i 

irt  to  t-' ov  i-> ■* o:  «  ^ 05 1;  QO  c>  1(5  r^ in  in' ire '^-' T-. 


C ARE  ART:     STANDARD  CELLS. 


125 


OS 


«     o     e»     M 


CO      -^      ^      ei 


1*         »0         CO        CO 


o 

s 

8 

o 

fe 

8 

§ 

« 

« 

(N 

« 

« 

01 

o» 

«) 

99 

s 

^' 

OJ 

tr 

r-T 

(8  a 
OS 


o 

to        -(■        Tji        «        0» 

o 

.> 

■«5<        CO        •<(■        ^        0» 

gi        ii        .-.        .-1 

o 

-      1 

CO 

c 

c 

at 

^ 

C 

fe  s  §  §  s 

o 

8 

>o 

a3 

o 

§ 

8 

8 

g 

01 

01 

OJ 

5 

OJ 

01 

01 

o» 

01 

^  " 


126  CARHART:     STAXDARD  CELLS. 

All  these  cells  have  been  kept  for  Llie  most  part  in  a  bath  at 
about  21  deg. ;  but  the  D  and  the  F  series  were  placed  in  a  batli 
near  1.5  deg.  for  48  hours,  or  until  their  e.m.f.  had  apparently 
reached  a  stable  value  for  this  temperature.  The  e.m.f.  for  the 
F  cells  at  1.7  deg.  are  sliown  in  the  table  under  July  9.  The  D 
cells  reached  a  maximum  mean  of  1.019625,  as  compared  with 
1.01951  for  the  F  series.  The  mean  temperature  coefficient  for 
all  of  them  for  this  range  of  19.4  deg.  is  in  closQ  agreement  with 
the  Eeichsanstalt  formula. 

Of  the  J  cells,  3  and  5  contain  mercurous  sulphate  washed  with 
alcohol;  9  and  10  were  washed  with  the  CdSO^  solution.  All  of 
them  are  apparently  coming  down  to  the  level  of  the  D  and  F 
series. 

Of  the  K  group,  1  and  2  were  set  up  with  mercurous  sulphate 
washed  with  CdS04  solution;  3,  5  and  6  with  alcohol.  Cells  9 
and  10  were  set  up  with  mercurous  sulphate  prepared  with  great 
care  by  letting  mercurous  nitrate  solution  drop,  with  constant  stir- 
ring, into  a  strong  solution  of  sulphuric  acid  (one  gm  molecule  to  a 
half  litre  of  water).  These  cells  are  identical  in  value  with  5  and 
6,  and  they  show  that  it  is  possible  to  make  mercurous  sulphate 
by  precipitation  with  a  strong  solution  of  acid  without  appreciable 
hydrolysis,  if  the  proper  skill  and  precautions  are  applied.  But 
the  electrolytic  method  of  preparing  HgoS04  is  far  easier  and  the 
product  is  much  more  uniform. 

All  these  J  and  K  cells  exhibit  a  slow  subsidence  to  their  final 
value.  The  D  and  F  series  attained  their  electrical  equilibrium 
very  quickly.  In  fact  the  first  measurements  on  the  F  cells  were 
made  within  three  hours  after  they  were  filled,  and  they  had 
already  attained  the  values  which  they  have  maintained  for  the 
past  six  months. 

Discussion. 

Doctor  R.  T.  Glazebrook:  I  think  that  we  all  agree  that  Professor 
Carhart  has  advanced  very  greatly  our  knowledge  of  the  properties 
of  standard  cells  by  this  important  piece  of  work.  Similar  observa- 
tions, though  not  so  complete,  have  been  going  on  for  some  time  in  my 
own  laboratory,  and  we  have  arrived  at  very  much  the  same  results.  For 
example,  we  find,  as  Lord  Rayleigh  found,  that  the  mercurous  sulphate 
is  the  chief  source  of  difficulty,  and  that  was  made  clear  in  a  paper  which 
was  read  before  the  British  Association  a  fortnight  ago.  I  there 
described  throe  methods  of  preparation,  one  being  that  of  Professor  Car- 
hart,  which  lead  to  practically  identical  results.  Without  burdening  the 
meeting  further  with  details,  1  may  say  that  in  the  results  which   1  have 
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here  for  nine  cells,  prepared  by  these  different  methods,  expressed  in  terms 
of  one  standard  cell,  in  the  same  way  as  in  that  table,  Series  F,  the  num- 
bers that  correspond  to  the  numbers  given  by  Professor  Carhart  would 
vary   between  20  and   21,  when   expressed  in   hundredths   of  a  millivolt. 

1  think  it  is  of  importance  to  observe,  as  1  have  stated,  that  we  have 
reached  tliis  result  by  means  of  three  different  methods.  Which  method 
may  prove  to  be  the  most  easy  in  practice  or  most  satisfactory,  I  am 
hardly  prepared  to  say  at  present.  I  would  like  to  emphasize  a  point 
Professor  Carhart  has  made,  and  which  we  have  found  to  be  the  case. 
It  is  very  necessary  to  stir  well,  in  using  the  electrolytic  method.  We 
use  a  rather  higher  current-density  than  Professor  Carhart  recommends. 
We  hope  to  go  on,  as  1  have  already  stated,  as  soon  as  I  return,  with 
comparisons  between  these  cells  and  the  electrochemical  equivalent  of  silver. 
But  I  have  brought  with  me  here  to  St.  Louis  six  cells  prepared  in 
accordance  with  the  three  formulas  named,  and  Professor  Stratton  has 
promised  to  have  them  compared  with  the  Bureau  standards  and  Professor 
Carhart's  cells.  It  will  be  extremely  interesting  to  see  how  far  these 
cells  agree  as  to  their  e.m.f.  Let  me  say  in  conclusion,  that  I  think  it 
was  a  very  definite  advance  to  make  the  cells  in  the  form  that  Professor 
Carhart  has  indicated,  and  if  it  is  proved,  as  he  has  shown  in  the  one 
case,  that  these  cells  will  remain  for  a  long  time  without  alteration,  then 
the  advance  is  great  indeed. 

Dr.  H.  S.  C^VBHART:  Of  the  two  methods  of  making  mercurous  sul- 
phate employed  at  the  National  Physical  Laboratory,  the  one  in  which 
fuming  sulphuric  acid  is  used  to  act  on  mercury  appears  to  me  to  be  tlie 
better.  In  the  other  one  1  should  think  there  might  be  greater  danger 
of  hydrolysis.  When  the  mercurous  sulpliate  is  dissolved  by  heat  and  the 
solution  is  poured  into  distilled  water,  the  danger  is  that  the  water  will 
not  contain  enough  acid  to  prevent  hydrolysis. 

Doctor  Glazebrook:  The  method  that  Professor  Carhart  has  referred 
to  is  this :  the  mercurous  sulphate  is  dissolved  in  strong  acid  and  then 
poured  into  a  large  beaker  containing  distilled  water.  In  this  way  the 
mercurous  sulphate  is  precipitated  down  to  the  bottom  of  the  beaker. 

Dr.  W.  D.  Bancroft:  The  behavior  of  the  mercurous  sulphate  elec- 
trode shows  that  we  have  here  a  reversible  electrode.  The  physical  chem- 
ists make  use  of  the  so  called  calomel  electrode  and  I  should  like  to  call 
attention  to  the  possibility  that  this  is  not  a  strictly  reversible  electrode, 
although  we  always  assume  that  it  is.  In  some  experiments  tried  in 
my  laboratory  with  mercury  as  anode  in  a  chloride  solution,  we  did  not 
get  mercurous  chloride  formed.  Instead,  there  is  formed  a  nonconducting 
film,  probably  of  oxide.  In  some  other  experiments  we  started  with 
mercury  and  mercurous  chloride  as  anode  in  the  same  solution,  and  found 
that  mercuric  chloride  was  formed.  In  course  of  time  this  reacts  with 
the  mercury.  Though  I  should  not  care  to  put  much  stress  on  these 
experiments,  it  seemed  to  me  there  was  some  evidence  that  the  calomel 
electrode  is  not,  strictly  speaking,  a  reversible  electrode.  I  hope  some 
one  will  take  the  matter  up. 

The  other  point  I  wish  to  make  is,  that  the  distribution  of  potential 
difference;  on  which  Professor  Carhart  lays  stress,  is  of  course  dependent 
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on  the  explicit  assumption  that  the  calomel  electrode  has  a  single  potential 
diiference  of  0.5G  volt.  It  is  believed  by  Nemst  and  Billitzer  that  this 
is  in  error  by  0.7  volt.  While  1  have  not  the  remotest  idea  what  the 
true  potential  difference  is,  1  am  perfectly  certain  that  the  flowing  elec- 
trode does  not  give  the  true  value.  If  you  determine  the  value  of  a 
chloride  electrode  and  of  a  bromide  electrode  and  combine  these  two 
electrodes  to  a  complete  cell,  you  introduce  only  the  potential  difference 
between  the  two  solutions  which  can  be  approximated,  and  yet  you  find 
errors  under  these  circumstances  running  at  least  0.07  volt.  Consequently, 
1  feel  absolutely  justified  in  saying  that  0.56  volt  is  not  the  true  potential 
difference  of  the  calomel  electrode.  In  fact  nobody  knows  at  present 
what  the  true  potential  difference  is. 

The  CH4JEMAN:  We  are  very  fortunate,  and  very  much  to  be  con- 
gratulated this  morning  on  having  with  us  an  eminent  authority  on 
electro-metallurgj".  Doctor  Heroult,  of  Paris,  and  I  shall  call  on  him  next 
for  his  paper  on  "  The  Electro-Metallurgy  of  Iron  and  Steel." 


THE  ELECTROMETALLURGY  OF  IRON  AND 
STEEL. 


BY  P.  L.  T.  HEROULT. 


The  processes  that  1  am  about  to  discuss  form,  as  a  whole,  a  new 
metallurgical  method  for  the  production  of  iron  and  steel  based 
on  the  employment  of  electrical  energy.  They  are  the  result  of 
methodical  investigations  which  I  have  carried  on  during  a  long 
series  of  years  at  the  works  of  the  Societe  Electro-Metallurgique 
Frangaise  de  Froges,  which  company  has  put  at  my  disposal  all 
the  resources  of  its  large  establishment. 

The  "  siderurgical  method"  (Froges-Heroult)  is  clearly  distin- 
guished from  all  the  other  processes  which  have  appeared  either 
simultaneously  or  have  been  inspired  by  my  disclosures,  inasmuch 
as  it  completely  solves  the  problem,  and  is  based  entirely  on  experi- 
mental data.  Among  the  processes  heretofore  proposed  many 
are  only  theoretical  conceptions,  more  or  less  practicable,  such 
as  those  of  Messrs.  Harmet  and  Gin,  which  never  had  an  existence 
except  on  paper. 

In  their  attempts  at  a  solution,  some  experimenters  meet  with 
insurmountable  obstacles,  and  others  have  put  forth  only  a  partial 
solution  of  the  problem.  We  should,  however,  make  special  men- 
tion of  the  G3-singe  process,  which  furnishes  a  practicable  and  ele- 
gant solution  of  the  problem  so  far  as  relates  to  the  melting  of 
scrap. 

I  take  the  liberty  of  calling  to  your  attention  the  fact  that  if  one 
were  to  judge  by  the  number  and  extent  of  the  articles  that  have 
been  published,  he  would  be  apt  to  obtain  a  false  idea  of  the  rela- 
tive values  of  the  different  processes ;  it  seems  that  those  who  have 
written  most  extensively  on  this  subject  are  those  who  have  con- 
tributed least  to  its  real  advancement.  Commercial  results  furnish 
the  best  criterion,  and  from  this  point  of  view  the  Societe  Electro- 
Metallurgique  Frangaise  de  Froges  is  the  only  company  which 
has,  during  the  last  two  years,  really  manufactured  and  put  on  the 
market  a  complete  series  of  carbon  steels  of  a  quality  equal  to  or 
better  than  the  best  tool  steel  known. 
Vol.  II— 9  [129] 
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I  shall  confine  myself,  however,  to  the  setting  forth  of  my  own 
investigations,  and  I  shall  dwell  especially  upon  the  sequence  of 
the  conceptions  and  experiments  which  have  led  us  to  develop  a 
method  founded  exclusively  upon  the  results  of  actual  experiments, 
completely  solving  the  problem  of  making  crucible  steel  commer- 
cially, and  also  of  improving  the  quality  of  ordinary  steel  at  almost 
no  increase  of  cost. 

In  the  year  1887  I  disclosed  an  electric  furnace  designed  for 
the  manufacture  of  aluminum  which  has  been  accepted  as  the 
first  continuous  commercial  electric  furnace.  In  fact,  in  conse- 
quence of  its  strong  construction,  and  the  method  of  suspending 
and  regulating  the  electrode,  it  is  adapted  to  work  continuously 
for  a  long  period  of  time ;  and  the  addition  of  a  tap  hole  made  it 
a  continuous  apparatus.  Without  any  modification  it  has  been 
successfully  applied  to  many  different  uses.  Willson  has  applied 
it  to  the  manufacture  of  calcium  carbide.  I  have  myself  used  this 
form  of  furnace  in  the  manufacture  of  the  first  commercial  carbide 
made  in  France;  also  to  the  making  of  artificial  corundum,  ferro- 
chrome,  and  ferro-silicon,  all  of  which,  as  electrical  products,  were 
first  put  upon  the  market  by  the  Societe  Electro-Metallurgique  de 
Froges. 

Ferro-chrome  made  by  this  process  has  the  same  composition  as 
that  made  in  a  cupola,  except  that  it  is  richer  in  chromium,  the 
metal  carbonizing  in  contact  with  the  carbon  walls  of  the  crucible. 

Knowing  the  great  interest  that  the  metallurgist  would  have  in  a 
metal  containing  a  small  amount  of  carbon,  I  modified  my  ap- 
paratus to  obtain  this  result. 

The  walls  of  the  crucible  were  made  of  ferro-chrome  ore,  and  in 
a  receptacle  so  formed  I  placed  two  electrodes  which  are  in  con- 
tact only  with  the  surface  of  the  slag,  or  are  even  above  it;  the 
entrance  and  exit  of  the  electric  current  is  effected  at  two  arcs  in 
such  a  manner  that  the  metal  never  comes  into  contact  with  the 
carbon.  The  reducing  carbon  being  thus  exactly  proportioned,  it 
is  possible  to  obtain  soft  metals,  that  is  to  say.  metals  almost  en- 
tirely free  from  carbon.  This  was  the  first  step  in  the  process  of 
the  manufacture  of  steel  by  the  electric  furnace. 

So  far  as  regards  the  use  of  two  electrodes  in  series.  I  recognized 
that  this  arrangement  was  not  new.  "Mr.  Keller  had  patented  it 
two  months  before  me.  and  his  own  patent  was  anticipated  by 
the  patt'nt  of  Mr.  "Rullier.  taken  out  in  1895.  Besides  the  use  of 
two  electrodes,  certain  other  conditions  are  to  be  met  in  the  manu- 


HEROULT:     ELECTROMETALLUROY  OF  IRON  AND  HTEEL.  1.31 

facture  of  steel,  and  these  essential  conditions  have  not  been  pro- 
vided for  by  any  of  my  predecessors. 

Moreover,  if  the  double-electrode  furnace  is  the  most  practicable, 
it  is  not  the  only  one  by  means  of  which  the  production  of  steel 
is  obtainable.  I  myself  patented  on  Jan.  29,  1901,  a  furnace  with 
only  one  electrode,  which  accomplishes  the  same  result. 

From  the  time  that  it  became  possible  to  manufacture  soft 
metals,  it  was  obvious  that  steel  could  be  manufactured  by  the 
same  method,  and  it  became  of  great  interest  to  the  manufacturer 
to  know  that  a  large  electric  furnace  could  be  employed  for  this 
work,  and  the  inconveniences  of  l)last-furnace5,  puddling-furnaces, 
converting-furnaces,  pot-furnaces,  etc.,  could  thereby  be  eliminated. 
I  was  attracted  at  the  outset  by  the  idea  that  I  could,  in  fact,  reduce 
iron  ore  in  my  double  electrode  furnace,  the  product  of  the  reduc- 
tion containing  only  a  small  percentage  of  carbon,  and  then  could 
increase  the  percentage  of  carbon  to  the  desired  quantity. 

It  became  evident  that  it  was  not  advantageous  to  perform  all 
these  different  operations,  namely,  the  reduction  of  the  ore,  the 
oxidation,  recarbonization,  etc.,  in  one  and  the  same  apparatus. 
We  were,  therefore,  led  to  divide  it  into  two  parts,  and  make  pig- 
iron  in  a  special  electric  crucible.  This  operation  takes  place  with- 
out any  special  diflficulty,  providing  the  indispensable  precautions 
be  taken  in  the  arrangement  of  the  charge  and  in  carr3'ing  out  the 
operation.  In  a  general  way  it  is  not  advantageous  to  transform 
electrical  energy  into  heat  for  the  reduction  of  an  ore  so  easily 
reducible  as  that  of  iron.  As  electric  heat  is  very  costly,  it  must 
be  economized  to  the  fullest  extent. 

There  are  two  means  of  economizing  this  electric  heat;  one  is 
my  patented  device  called  the  "  Economizer."  That  device  is  based 
upon  the  principle  of  combining  the  total  amount  of  oxygen  con- 
tained in  the  ore  with  carbon  to  CO.  ,  This  CO  is  subsequently 
burnt  by  admitting  the  necessary  amount  of  atmospheric  air.  The 
heat  generated  in  this  last  operation  is  used  to  heat  the  ore  previous 
to  its  reduction.  As  a  matter  of  fact  the  ore  falls  into  the  reduc- 
tion chamber  in  the  molten  state.  The  amount  of  electrical  energy 
necessary  for  carrying  out  the  operation  is  theoretically  nil,  although 
in  the  experiments  made  in  practice  it  amounted  to  quite  a  con- 
siderable quantity  on  account  of  losses  due  to  radiation.  This 
process  did  not  prove  entirely  satisfactory  owing  to  the  great  diffi- 
culty of  preventing  the  walls  from  corroding,  and  also  to  the  con- 
sumption of  the  rediicing  carbon,  which  is  large. 
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The  second  process,  which  has  ahvaj's  been  successful,  consists  in 
reducing  one-half  of  the  ore  in  the  molten  state,  while  the  other 
half  is  reduced  in  the  solid  state  by  means  of  the  CO  evolved  by 
the  first  half.  If  one  makes  the  calculation  of  the  heat  units 
absorbed  by  the  reduction  and  the  heat  units  evolved  by  the  burning 
of  the  carbon  in  the  form  of  CO-,  he  will  see  that  the  quantity  of 
electrical  energy  needed  is  very  small. 

I  will  not  discuss  further  the  manufacture  of  pig-iron,  because 
the  electric  process,  although  very  interesting,  is  applicable  only 
under  certain  conditions  and  is  not  likely  to  supersede  the  blast- 
furnace in  localities  where  coal  is  cheap  and  is  the  only  source  of 
energy. 

I  will  now  proceed  to  discuss  the  electrical  steel  process.  This 
process,  which  is  operated  at  La  Praz  in  France  and  at  Kortfors 
in  Sweden,  produces  steel  of  a  quality  equal  to  and  superior  to 
the  best  crucible  cast  steel.  The  quality  of  the  raw  material  from 
which  it  is  made  is  a  matter  of  indifference.  For  instance,  steel 
containing  less  than  .01  sulphur  and  .01  phosphorus  is  being  made 
from  raw  material  like  scrap,  w^hich  contains  .15  sulphur  and  .30 
phosphorus.  The  electric  furnace  has  enabled  the  metallurgist  to 
get  rid,  once  for  all,  of  the  necessity  of  choosing  beforehand  his 
raw  m.aterial  and  paying  a  high  price  for  it.  The  dephosphorising 
of  metals  was  well  understood,  although  the  facilities  afforded  by 
the  electric  furnace  are  such  that  it  was  rendered  possible  to  attain 
in  one  operation  the  results  above  referred  to.  The  process  of  de- 
sulphurization,  which  up  to  the  present  time  has  always  been 
considered  unsafe  and  erratic,  has  been  brought  to  a  high  degree 
of  perfection.  I  have  discovered  the  reasons  for  this  erratic  behavior 
involved  in  the  desulphurization  of  steel,  and  by  means  of  the 
electric  furnace  we  have  the  entire  operation  under  perfect  control. 
We  can  regulate  the  temperature  as  we  choose  and  carry  out  the 
work  without  any  oxidation  by  the  air. 

I  make  the  claim  that  at  a  cost  not  exceeding  half  a  dollar  a  ton,  I 
can  make  out  of  any  steel  delivered  in  the  molten  state,  that  is,  as 
tapped  out  of  a  Siemens  furnace,  or  from  the  Bessemer  converter, 
a  metal  of  any  desired  composition  containing  less  that  .01  sulphur 
and  .01  phosphorus.  It  is  evident  that  the  electric  process  must  not 
be  considered  as  a  steel-making  process,  but  as  an  adjunct  to  exist- 
ing plants  and  apparatus.  By  means  of  this  electrical  adjunct, 
the  commercial  value  of  the  product  has  been  greatly  increased.  It 
IB  obvious  that  there  is  a  great  advantage  in  using  a  metal  free  from 
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impurities,  such  as  sulphur  and  phosphorous,  and  the  day  will  come 
when  the  requirements  of  the  public  and  the  specifications  of  gov- 
ernment contracts,  railroads,  etc.,  will  be  such  that  the  iron-masters 
will  have  to  furnish  material  thus  purified  and  answering  these 
conditions.  They  will  have  no  excuse  for  not  doing  so,  because  there 
is  now  put  at  their  disposal  a  cheap  method  of  accomplishing  the 
desired  result.  I  am  far  from  predicting  that  the  electrical  furnace 
process  will  supersede  the  older  metallurgical  one.  but  it  will  and 
must  cause  a  revolution  so  far  as  the  quality  of  the  metal  used  in 
the  industry  is  concerned. 

Discussion. 

Prof.  J.  VV.  Richards:  I  have  listened  witli  great  interest  to  Doctor 
HSroult's  paper,  because  I  know  he  is  in  the  forefront  of  those  who  are 
beginning  this  method  of  manufacture  of  steel.  The  manufacture  of  the 
higher  grades  of  steel  has  been  the  only  available  poirit  of  attack,  because 
of  the  present  cost  of  electric  manufacture,  but  the  manufacture  of  these 
high  grades  is  now  a  commercial  success.  The  advantages  of  electric 
manufacture  are  so  great,  especially  in  view  of  the  inevitable  advances 
which  are  going  to  take  place  in  the  development  of  electric  furnaces  in 
the  next  five  or  six  years,  that  I  have  no  doubt  that  the  larger  part  of 
the  fine  steel  consumed  is  going  to  be  made  in  this  way.  When  we  con- 
sider that  the  finer  grades  of  steel,  such  as  armor  plate  and  steel  for  guns, 
is  sold  at  several  hundred  dollars  a  ton,  the  increased  cost  of  the  electric 
manufacture  of  the  raw  material — provided  it  gives  a  material  lower  in 
sulphur  and  phosphorus  and  free  from  nitrogen — is  negligible.  The 
greatest  development  of  this  manufacture  in  the  near  future  will  be  in 
the  commercial  grades  of  steel,  such  as  soft  steel.  I  do  not  think  it 
impossible  that  within  a  few  years  there  will  be  a  large  steel  industry 
in  Canada,  where  pig  iron  is  cheap  and  where  there  are  all  inducements 
for  setting  up  an  electrical  industry.  A  few  years  more,  and  I  think  it 
will  find  a  place  in  the  United  States,  M'here  it  will  probably  be  used  aa 
an  adjunct  to  the  open-hearth  furnace.  For  temperatures  up  to  the  melt- 
ing point  of  pig  iron,  it  is  probable  that  the  use  of  producer  gas  and  the 
ordinary  furnace  will  always  be  most  economical;  but  for  the  additional 
500  degrees  necessary  to  reach  to  the  molting  point  of  steel,  the  electric 
furnace  is,  I  believe,  even  under  present  conditions,  the  more  economical 
of  the  two  apparatus,  and  the  combination  ox  the  gas  furnace  with  the 
electric  furnace  will,  I  believe,  be  the  next  subject  of  development  in  the 
electro-manufacture  of  steel.  I  think  we  are  in  a  period  of  transition,  and 
that  this  is  the  beginning  of  a  great  commercial  revolution  in  the  manu- 
facture of  this  most  important  product. 

]\Ir.  E.  H.  WiiiTLOCK :  From  the  manufacturer's  side  of  the  question 
I  would  like  to  ask  what  current-density  is  used  in  the  electrodes,  and 
whether  it  is  desirable  for  this  to  remain  about  what  it  is  at  present? 
I  had  the  privilege  of  visiting  a  plant  in  West  Virginia  some  time  ago, 


134  HEROL'LT:     KLKCTROMETALLrRGY  OF  IROS  A\D  STEEL. 

and  at  that  point  they  required  something  like  125  amperes  per  square 
inch,  which  seemed  to  be  rather  excessive. 

Mr.  W.  McA.  Johnson  :  1  have  listened  to  the  paper  of  Doctor 
H^roult  with  great  interest.  Any  one  connected  with  tlie  operation  of 
large  metallurgical  works  is  forced  to  the  conclusion  that  there  is  a  vast 
difference  between  the  writing  of  a  paper  on  the  probable  success  of  a 
process  and  the  actual  working  of  that  process  on  a  large  scale.  A  point 
which  I  shall  try  to  bring  out  in  my  paper  tomorrow  is  this,  that  the 
best  criterion  of  a  new  process  is  the  actual  production  of  the  finished 
material.     Right,  here  is  where  Doctor  H6roult's  work  is  to  be  admired. 

The  second  point  which  this  paper  of  Doctor  Hcroult  has  elucidated  ana 
which  is  one  of  a  few  general  principles  to  be  given  in  my  paper,  is  the 
principle  that  tlie  electric  current  can  be  best  used  by  the  metallurgist 
for  the  finishing  of  metallurgical  work.  This  principle  was  first  called 
to  my  attention  by  Col.  Robert  M.  Thompson,  formerly  president  of  the 
Orford  Copper  Company,  and  Mr.  Victor  Hybinette,  superintendent  of  the 
same  company,  when  I  was  in  its  employ.  The  principle  is  a  very  general 
one.  Tomorrow  I  will  try  to  give  a  few  of  its  applications  to  the  metal- 
lurgy of  this  country,  as  far  as  I  have  seen  it.  But  both  of  these  ideas 
are  better  illustrated  by  this  paper  than  T  can  hope  to  do. 

The  following  paper  was  then  read  by  Mr.  S.  E.   Whiting: 


THE  PEESENT  STATUS  OF  THE  EDISON  STOR- 
AGE BATTERY. 


BY   DR.   A.   E.   KENNELLY   AND   MR.   S.   E.   WHITING,   Harvard 

University. 


The  following  paper  is  presented  on  behalf  of  Mr.  Thos.  A. 
Edison,  as  a  brief  synopsis  oi  the  results  obtained  with  his  storage 
battery  up  to  the  present  date. 

History. 

About  1898,  Mr.  Edison  began  seriously  to  investigate  alkaline 
storage  cells.  After  trying  a  very  great  number  of  combinations, 
the  nickel-iron  couple  became  fairly  well  developed  in  1900. 

The  first  type  of  cell  put  into  service  in  vehicles  was  named 
Type  C.  This  was  an  18-plate  cell  (9  of  iron  and  9  of  nickel), 
weighing  complete  17  1/2  lbs.  (7.95  kilos).  At  20  amperes  dis- 
charge (9.5  hours)  to  0.75  volt  the  average  potential  difference 
was  1.23  volts  and  the  quantity  191  amp-hours  representing 
234.9  watt-hours  or  13.4  watt-hours  per  lb.  (29.6  watt-hours  per 
kilo).  At  120  amperes  discharge  (1.4  hours)  to  0.75  volt,  the 
average  potential  difference  was  1.03  volts  and  the  quantity  171 
amp-hours,  representing  176  watt-hours  or  10.06  watt-hours  per  lb. 
Several  hundred  of  these  cells  were  made  up  and  are  still  in  use 
in  vehicles  at  the  factory. 

This  Type  C  cell  was  not  regarded  as  entirely  satisfactory  be- 
cause it  did  not  promptly  recover  its  full  normal  voltage  after 
heavy  rates  of  temporary  discharge.  This  seemed  to  indicate  an 
inadequate  circulation  of  electrolyte  in  the  cell  and  pointed  to  a 
reduced  current  density;  i.  e.,  to  a  larger  plate-surface  for  the 
same  mass  and  volume  of  active  material.  The  improvement  re- 
quired new  tools  and  months  of  delay,  but  was  nevertheless  under- 
taken, and  the  new  cell  developed  was  named  Type  D. 

The  type  of  D  cell  was  first  completed  in  May,  1903.  It  was 
a  28-plate  cell  (14,-f  and  14—)  weighing  17.8  lbs.  (8.05  kilos)  and 
occupying  the  same  space  as  the  18  plates  of  Type  C,  thus  providing 
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an  increase  of  about  50  per  cent  in  active  surface  with  a  correspond- 
ing reduction  in  briquette  thickness^  to  the  improvement  of  cir- 
culation. 

Tests  of  the  Type  D  cell  were  made  not  only  at  the  Edison 
laboratory  but  also  by  several  independent  experimenters  both  in 
this  country  and  in  Europe.  These  tests  will  be  referred  to  later. 
The  factory  tests  of  Type  D  showed  at  20  amperes  discharge 
(8.45  hours)  to  0.75  volt,  the  average  potential  difference  of  1.28 
volts  and  the  quantity  169  amp-hours,  representing  216.5  watt- 
hours  or  12.18  watt-hours  per  lb.  (26.9  watt-hours  per  kilo). 
At  120  ahiperes  (1.38  hours),  to  0.75  volt,  the  average  potential 
difference  was  1.17  volts  and  the  quantity  165  amp-hours,  repre- 
senting 193  watt-hours  or  10.85  watt-hours  per  lb.  (24  watt-hours 
per  kilo).     The  corresponding  internal  resistance  is  0.0013  ohm. 

The  change  from  Type  C  to  Type  D  had  succeeded  in  enabling 
the  cell  promptly  to  return  to  its  normal  e.m.f.  after  temporary 
heavy  discharges,  and  improved  the  output  under  heavy  discharge 
from  10.06  to  10.85  watt-hours  per  lb.  (22.2  to  24  watt-hours  per 
kilo).  On  the  other  hand,  the  output  at  low  rates  of  discharge 
had  somewhat  suffered  by  the  change,  and  the  new  cell  was  also 
found  to  be  somewhat  unbalanced  in  the  individual  capacities  of 
the  -j-  and  —  plates,  there  being  an  excessive  capacity  in  the 
iron  plates. 

A  further  modification  was,  therefore,  made  in  the  cell,  result- 
ing in  the  production  of  Type  E,  the  latest  type. 

Types  C,  D  and  E  have  the  same  height,  length  and  general 
external  appearance  and  differ  externally  only  in  their  breadth. 
Type  E  is  the  coll  now  manufactured  and  placed  on  the  market 
in  three  sizes,  which  differ  only  in  the  number  of  assembled  plates. 
The  cell  of  Type  E  tested  by  the  author's  and  here  considered  is 
E-18,  having  12  nickel  plates  and  6  iron  plates.  The  weight  of 
the  E-18  cell  complete  is  12.66  lbs.  (5.75  kilos).  The  normal 
rated  delivery  of  those  cells  is  114  amp-liours.  which  is  practically 
the  same  at  either  the  30-ampero  or  120-ampere  discharge 
rate.  At  the  30-ampere  rate  (3.8  house),  the  mean  potential 
difference  to  0.75  volt  is  1.234  volts,  representing  an  output  of 
141  watt-hours  or  11.1  watt-hours  per  lb.  (24.6  watt-hours  per 
kilo).  At  the  120-ampere  rate  (0.95  hour),  the  mean  potential 
difference  to  0.75  volt  is  1.04  volts,  represertting  an  output  of 
118.5  watt-hours  or  9.38  watt-hours  per  lb.   (20.7  watt-hours  per 


Fig.   1. —  Parts  ok  edisox   storage  battery. 


Fig.  2. —  Kdiso.x  sroRACiE  iiattery. 
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kilo).  Although  the  above  are  the  normal  rated  capacities,  the 
full  capacity  of  the  cell  is  found  to  be  about  140  amp-hours, 
which  makes  the  total  output  at  30  amperes,  173  watt-hours  and 
at  120  amperes  145  watt-hours;  or  the  specific  output  13.7  watt- 
hours  per  lb.  (30.3  watt-hours  per  kilo)  and  11.5  watt-hours  per 
lb.  (25.4  watt-hours  per  kilo)  at  the  two  rates  respectively. 

Construction  of  Type  E. 

The  construction  of  the  cell  is  shown  in  Fig.  1  which  exhibits 
the  various  parts  both  separate  and  assembled.  The  containing 
cell,  as  also  the  grids  and  pockets,  are  made  of  thin  sheet-steel 
plated  by  a  special  process.  The  jar  completely  encloses  the 
element  and  the  lid  is  soldered  permanently  in  place.  There  are 
four  openings  in  the  steel  top.  Two  of  these  are  insulated  by 
rubber  bushings  through  which  the  terminal  posts  project.  The 
third  opening  is  a  filler-hole  with  gas-tight  hinge-stopper.  The 
fourth  opening  is  a  gas-vent  provided  with  a  valve  and  gauze 
screen  to  prevent  escape  of  entrained  liquid. 

The  insulation  between  the  walls  of  the  can  and  the  enclosed 
element  is  all  of  hard  rubber.  On  the  bottom  is  the  four-barred 
grating,  seen  on  the  right-hand  side  of  the  figure,  and  0.4  in. 
(10.2  mm)  deep.  On  the  ends  are  ladder-like  frames  giving 
about  0.11  in.  (3.8  mm)  clearance  and  grooved  to  hold  the  edges 
of  the  plates.  On  the  sides  are  solid  sheets  0.014  in.  (0.56  mm) 
thick.  It  has  been  found  necessary  to  subject  all  the  rubber  insula- 
tion to  a  special  chemical  treatment  to  prevent  a  foaming  action 
on  the  alkaline  electrolyte. 

Between  the  plates  are  threaded  four-cornered  rods  of  rubber 
about  0.1  in.  (3.5  mm)  thick  and  spaced  0.57  in.  (14.5  mm) 
apart.  The  distance  between  opposed  plate  surfaces  is  about 
0.04  in.    (1  mm). 

Plates  of  like  polarity  are  bolted  to  a  horizontal-bar  at  the  top 
provided  with  spacing  washers  and  joined  to  the  vertical  terminal 
post. 

For  use  in  vehicles  the  cells  are  grouped  in  wooden  traj's  (Fig.  2) 
containing  3,  4  or  6  cells  each.  Connections  between  cells  are 
ingeniously  made  by  taper  lugs  and  each  jar  is  insulated  from 
its  neighbors  and  from  the  base  by  spacing  blocks  and  a  rubber 
pad,  respectively. 
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The  grid  itself,  Fig.  3,  and  the  pockets  containing  the  active 
materials  are  identical  for  both  positive  and  negative  electrodes. 
The  grid  is  9.25  in.  high  (235  mm) —  excluding  the  lug  —  4.75  in. 
(121  mm)  wide  and  0.015  in.  (0.38  mm)  thick.  It  contains  24 
rectangular  holes,  each  2.95  in.  (.75  mm)  high  and  0.5  in.  (12.7 
mm)  wide.  Into  these  holes  are  fitted  the  pockets  illustrated  in 
Fig.  4.  These  are  made  up  of  strips  of  0.003  in.  (0.076  mm)  steel, 
having  flanged  edges  that  telescope  together  to  form  the  pocket  or 
container  of  the  active  material.  These  pockets  have  each  about 
5000  perforations. 

The  active  material  of  the  positive  plate  is  an  oxide  of  nickel 
in  finely-divided  form  commingled  with  a  conducting  substance 
such  as  flake  graphite,  in  order  to  improve  the  conductivity  of  the 
mass.  The  active  material  of  the  negative  plate  is  finely  divided 
iron  similarly  commingled  with  a  conducting  su])stance.  The 
electrolyte  is  a  20  per  cent  aqueous  solution  of  potassium  hydrate. 

In  assembling,  the  pockets  are  filled  with  active  material,  closed 
and  inserted  in  the  holes  of  the  grid.  The  plate  is  then  sub- 
jected to  a  pressure  of  150  tons  for  the  purpose, —  first,  of  flanging 
the  pockets  over  the  holes  in  the  grid,  in  order  to  lock  them  firmly 
]\\  ])osition;  and  second,  of  corrugating  the  surface  of  the  pocket, 
in  such  a  manner  as  to  provide  adequate  elastic  movement  of  the 
envelope  in  view  of  the  contraction  and  expansion  of  the  contents. 

The  weight  of  the  active  material  in  its  initial  condition  and 
including  the  conducting  material  is  about  3.2  grammes  per 
pocket  for  the  nickel  and  4.6  grammes  for  the  iron  plate.  This 
represents  a  total  quantity  of  922  grammes  positive  active  material, 
and  662  grammes  of  negative  active  material  in  an  E-18  celL 
The  weight  of  electrolyte  per  cell  is  3.1  lbs.  (1.40  kilos)  at  a 
normal  densit}''  of  1.190,  which  represents  about  25  per  cent  of  the 
total  weight  of  the  cell. 

The  cell  is  at  present  manufactured  in  three  sizes  stated  in  the 
following  Table: 


Fuis.    ;5   AM)   4. —  Dktaii.s   of   kdisox    storage   batteky. 
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Chemical  Theory. 

The  Edison  cell  is  of  the  oxygen-lift  type.  That  is  to  say,  the 
process  of  charging  consists  in  driving  oxygen  electrolytically  from 
the  negative  to  the  positive  plate.  During  discharge  the  oxygen 
leaves  the  positive  plate  and  enters  the  negative  plate.  The  chemical 
actions  in  the  cell  have  not,  as  yet,  been  completely  investigated.* 
The  following  conditions  may,  however,  be  accepted  provisionally 
as  forming  a  working  theory: 


Condition. 


Positive  plate. 


Electrolyte. 


Negative 
plate. 


NiO, 
I  Charged NiO^ 


Discharging  . . 


Discharged. 


NiOo  K 

+       H,0 
NiOjK 


+Ni,03  KOH 
KOH 


Ni^Oa 


KOH 
H2O 
KOH 


Fe 


HO 


Fe 


HO 


H3O 


KOH 
HaO 
KOH 


FeO 


The  cycle  represented  in  the  above  table  shows  that  during  dis- 
charge the  electrolyte  divides  into  potassium  cations  and  hydroxyl 
anions,  the  former  being  directed  toward  the  positive  plate  and 
the  latter  toward  the  negative  plate.  On  arriving  at  these  plates 
the  ions  give  up  their  respective  charges.  At  the  positive  plate, 
the  potassium  robs  the  nickel  oxide  of  a  portion  of  its  oxygen 
and,  in  combination  with  the  water  present,  forms  new  molecules 
of  potassium  hydrate,  the  original  electrolyte.  At  tlie  negative 
plate  the  hydroxyl  ions  deliver  ox3'gen  to  the  ion  and  form  water. 
Thus  the  electrolyte  tends  to  become  concentrated  in  the  pores  of 
the  positive  plate,  and  attenuated  in  the  pores  of  the  negative 
plate.  Diffusion  ultimately  destroys  this  difference  of  concentra- 
tion and  leaves  the  electrol}ie  in  its  original  condition,  since 
fct  any  instant  the  total  quantity  of  water  and  of  potassium  hydrox- 
ide (including  the  pores  of  both  plates),  remains  the  same. 


*  i:.    F.    Rocbor.      Tronsftrtions   A.    E.    S.    Vol.    1,    1902.      M.   V.    Schoop, 
Electrochemical  Industry,  July  and  August,  1904. 
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It  would  appear  from  the  form  of  e.m.f.  curve  during  complete 
discharge,  as  shown  in  Fig.  5,  that  after  the  cell  has  become  almost 
entirely  discharged  other  stages  of  oxidization  develop,  and  further 
investigation  may  show  that  the  outline  of  the  chemical  cycle 
above  presented  is  very  incomplete.  Whatever  the  complete  cycle 
may  be,  it  is,  in  all  probal)ility,  however,  of  the  type  indicated. 

It  would  seem  that  neither  the  plates  of  nickeled  steel  nor  the 
active  materials  within  them  are  subject  to  local  or  chemical  cor- 
rosion, or  solution,  in  the  electrolyte  of  potassium  hydroxide.  For 
this  reason  the  cell  is  chemically  stable  either  in  the  charged 
discharged  or  any  intermediate  condition. 
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Fig.  5. —  P.  D.  cukve  for  E.  18  cell. 


Electrical  Theory. 

Electromotive  Force. 

Various  observations  both  of  the  authors  and  other  observers 
show  that  the  discharge  curve  of  e.m.f.  of  the  Type  E  cell  possesses 
the  following  peculiarities: 

(1)  An  initial  period  of  rapid  descent  occupying  about  10  per 
cent  of  the  delivery  period. 

(2)  A  nearly  steady  gradient  of  gradual  descent  continuing 
until  within  about  10  per  cent  of  the  end  of  the  whole  delivery 
period. 

(3)  A  final  period  of  rapid  descent  occupying  the  last  10  per  cent 
of  the  delivery  period  (assumed  as  stopping  at  a  potential  difference 
of  0.75  volt). 

A  fair  sample  of  this  curve  is  represented  by  the  heavy  line 
a  h  c  d  in  Fig.  6,  where  ah  is  the  initial  descent,  he  the  nearly 
uniform   descent,   and   cd  the   final   rapid   descent.      The  initial 
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e.m.f.  at  a  is  influenced  by  the  previous  history  of  the  cell,  more 
particularly  by  the  time  which  has  elapsed  since  the  close  of  the 
preceding  charge.  The  range  of  initial  e.m.f.  is  between  1.35 
and  1.65  volts.  It  would  seem  that  this  e.m.f.  depends  upon  the 
amount  of  gases  remaining  after  the  charge,  occluded  in  the  pores 
of  the  cell. 

The  e.m.f.  at  and  near  the  end  of  the  discharge  is  also  some- 
what variable,  depending  in  some  measure  upon  the  rate  and 
nature  of  the  discharge.  It  clearly  accompanies  the  exhaustion 
of  the  active  materials. 

Between  the  points  b  and  c,  the  gradient  of  descent  is  substantially 
uniform  and  approximately  independent  of  the  discharge  rate 
within  the  usual  working  limits.  This  diminution  of  e.m.f.  may 
possibly  be  due  to  the  increasing  thickness  of  the  layer  of  effete 
material  formed  by  the  progressive  exhaustion  of  the  active 
material. 

If  the  curve  a  h  c  d  he  integrated,  the  mean  ordinate  is  found 

closely  to  approach  the  actual  ordinate  at  C  or  the  point  of  half 

delivery.     This  means  that  a  straight  line  A  C  D  may  be  chosen 

nearly  coinciding  with  the  steady  gradient  of  the  actual  curve  he. 

This  is  shown  in  a  dotted  line  A  C  D  in  the  figure.     The  area 

above  this  line  A  a  h  at  the  beginning  is  approximately  equal  to 

the  area  below  the  line  c  D  d  at  the  end.     These  areas  represent, 

therefore,    sensibly   equal    and   opposite    quantities   of    electrical 

energy,  with  respect  to  the  curve  abed.     Consequently,  we  may 

for  practical  purposes  replace  the  actual  curve  abed  by   the 

equivalent  straight  line  A  C  D,  which  is  represented  by  the  formula 

X  X  0.14      , 

e  —  1.37 ^~ —  volts 

100 

where  x  is  the  percentage  already  yielded,  of  the  full  delivery. 
The  mean  discharge  e.m.f.  is,  therefore,  1.30  volts.  This  approx- 
imation greatly  simplifies  practical  computation  with  the  Edison 
battery. 

Internal  Eesistance. 

It  has  been  observed  both  by  the  authors  and  by  other  experiment- 
ers that  the  internal  resistance  of  an  Edison  Type  E  cell  is  sub- 
stantially constant  during  the  main  working  portion  of  the  dis- 
charge corresponding  to  be  in  Fig.  6.  Thus  in  the  E-18  eel!, 
the  internal  resistance  at  ordinary  temperatures  is  about  0.0022  ohm. 
This  would  correspond  to  0.0278  ohm  in  a  Type  E  similar  cell 
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weighing  1  lb.;  or  to  0.0126  ohm  in  a  cell  weighing  1  kilo.  The 
internal  resistance  is  slightly  less  at  the  beginning  of  the  dis- 
charge, but  becomes  considerably  greater  near  the  end  of  the  dib- 
charge.  Since,  however,  this  rise  in  resistance  occurs  only  during 
a  small  portion  near  the  end  of  the  delivery,  its  effect  in  the  total 
discharge  may  be  neglected   for  most  practical  purposes. 

The  internal  resistance  .does  not  vary  greatly  with  the  discharge 
rate  within  the  usual  working  limits  of  0  —  150  amperes.  In 
other  words,  the  drop  of  pressure  in  the  cell  is  approximately  pro- 
portional to  the  discharging  current  strength. 

Poiver. 

The  maximum  amount  of  power  obtainable  in  the  external  cir- 

cuit  of  any  cell  is  — watts;  where  e  is  the  actual  e.m.f.  and  r  the 

actual  internal  resistance  of  the  cell.  Under  these  conditions  the 
cell  will  work  at  50  per  cent  efficiency,  with  equal  internal  and 
external  resistance.  In  other  words,  it  is  impossible  to  obtain  from 
any  cell  a  greater  amount  of  external  power  than  corresponds  to 
tlie  above  expression,  which  represents  the  maximum  power  of  the 
cell.  Taking  the  mean  e.m.f.  of  the  Edison  Type  E-18  cell  as  1.3 
volts  and  the  internal  resistance  as  0.0022  ohm,  the  maximum 
power  is  192  watts  or  about  1/4  horse-power  or  15.15  watts  per  lb. 
(33.4  watts  per  kilo)  at  a  current  strength  of  296  amperes, 
corresponding  to  a  discharge  time  of  less  than  one-half  hour.  We 
have  taken  a  current  averaging  250  amperes  from  such  a  cell  on 
approximate  short-circuit  (through  heavy  leads  and  an  ammeter) 
for  a  period  of  30  minutes. 

The  practical  rate  of  power  delivery  at  150  amperes  is 
]  1.3— (150  X  0.0022)  [  150  =  145.5  watts,  or  11.5  watts  per  lb. 
(25.4  watts  per  kilo).  This  is  on  a  par  with  the  full-load  output 
of  good  dynamo  machines. 

Energy. 

The  energy  liberated  in  an  Edison  E-18  cell  is  1.3  volts  X  1-±"1 
amp-hours  =  183.3  watt-hours  ^14.48  watt-hours  per  lb.  (31.9 
watt-hours  per  kilo)  and  this  liberation  of  energy  is  constant  to 
a  first  approximation  for  all  rates  of  discharge  within  the  work- 
ing limits.  The  amount  of  this  liberated  energy  which  is  delivered 
in  the  external  circuit  depends  only  on  the  electrical  efficiency  of 
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the  circuit,  or  on  the  drop  of  pressure  in  the  coll.  Thus,  at  90 
per  cent  electrical  efficienc}',  or  10  per  cent  internal  drop  (corre- 
sponding to  ahout  60  amperes  in  the  E-18  cell),  the  externally 
delivered  energy  would  he  183.3X0.9  =  165  watt-hours. 

It  can  be  shown  that  if  any  Edison  Type  E  battery,  in  any 
grouping  of  cells,  be  discharged  at  the  rate  of  p  watts  per  unit  mass, 
reckoned  at  the  mean  voltage  of  discharge,  the  electrical  efficiency. 


Tj,  of  the  battery  circuit  will  be  r^  — >  where  n  =^and  Pis 

the  maximum  power  per  unit  mass  or  ■ .where  m  is  the  mass  of 

4wtr 

a  cell. 

Thus  if  a  battery  of  68  Edison  Type  E-18,cells  be  discharged  at 
120  amperes  or  124.3  average  external  watts,  the  total  external 
power  will  be  68  X  124.3  =  8454  watts,  and  the  total  weight  being 
861  lbs.,  the  power  rate  per  lb.  taken  from  the  battery  is  9.83  watts. 
The  maximum  power  rate  is,  however,  15.15  watts  per  lb.  as  above; 

9  85 

so  that  the  ratio  n=--f--^  0.65.    The  electrical  efficiency  of  the 
15.15  '' 

battery  circuit  is,  therefore, 


1  +  i/l  —  o.bo 
ry  =  -^ =  0.796 

or  79.6  per  cent.  The  delivery  per  lb.  of  battery  will,  therefore, 
be  14.5  X  0.796  =  11.5  watt-hours  per  lb.,  and  the  entire  battery 
will  deliver  9900  watt-hours  to  the  external  circuit,  when  dis- 
charged to  0.75  volt  P.  D.  per  cell.  The  same  formula  applies  to 
all  batteries  capable  of  maintaining  definite  values  of  c  and  r  under 
load. 

Charging  Conditioxs. 
Electromotive  Force. 

The  charging  e.m.f.  of  an  Edison  cell  is  approximately  1.6  volts 
(somewhat  greater  at  the  outset)  until  about  60  per  cent  of  the 
charge  has  been  stored,  when  it  rises  to  about  1.75  volts,  simul- 
taneously with  increased  evolution  of  gases.  This  rise  is,  therefore, 
apparently  connected  with  gaseous  polarization.  To  the  e.m.f.  of 
the  cell  must  be  added  the  drop  in  internal  resistance,  in  order  to 
find  the  potential  difference  at  charging  terminals.  The  mean 
e.m.f.  of  the  cell  during  charge  may,  therefore,  be  taken  as  roughly 
1  2/3  volts.  The  resistance  of  the  coll  during  charge  is  approx- 
imately the  same  as  during  discharge,  being  greater  at  the  outset 
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of  the  charge,  corresponding  to  the  condition  of  resistance  at  the 
end  of  the  discharge. 

Gassing. 

During  the  charge  of  Edison  cells,  bubbles  of  gas  are  liberated 
at  both  plates,  oxygen  at  the  anode  or  positive  plate,  and  hydrogen 
at  the  cathode  or  negative  plate.  The  collected  gases  form  an 
explosive  mixture.  In  the  ordinary  charging  process  there  is  a 
distinct  evolution  of  gas  at  the  outset  which  reaches  its  maximum 
in  about  a  quarter  of  an  hour.  The  gassing  then  decreases  to  a 
lower  steady  value  which  continues  until  about  60  per  cent  of  the 
charge,  after  which  it  rapidly  rises  to  a  steady  much  higher  value 
than  at  first.  The  electrical  energy  expended  in  the  liberation  of 
these  gases  is  practically  all  lost. 

To  replace  the  water  thus  lost  by  decomposition  during  charging, 
a  small  quantity  of  distilled  water  has  occasionally  to  be  added  to 
the  cells  through  a  filler  conveniently  adapted  to  this  purpose. 

Efficiency. 

Since  the  mean  e.m.f.  of  discharge  is  approximately  1.3  volts, 
and  the  mean  e.m.f.  of  charge  approximately  1.67  volts,  it  follows 
that  the  superior  limit  of  watt-hour  efficiency  in  an  Edison  cell  is 

1  3 

J  gy  or  78  per  ceiit.    In  practice  it  is  always  less  than  this,  due  to 

internal  drop. 

The  efficiency  may  best  be  examined  first  in  relation  to  the  voltage 
of  charge  and  discharge,  and  second,  in  relation  to  the  electric 
quantity  charged  and  discharged. 

1.  If  there  were  no  drop  of  pressure  due  to  internal  resistance, 
either  in  charging  or  in  discharging,  and  all  the  electricity  charged 
in  the  cell  (as  expressed  in  coulombs  or  amp-hours)  were  dis- 
charged, the  amp-hour  efficiency  of  the  cell  being  thus  100  per 
cent,  the  watt-hour  efficiency  would  be  78  per  cent  or  thereabouts. 
This  figure  can,  in  fact,  be  approached  by  employing  very  low  rates 
of  charging  and  discharging;  i.  e.,  by  taking  many  hours  to  each 
})rocess.  On  the  other  hand,  the  more  rapid  the  charge  and  dis- 
charge, the  greater  the  IR  drop  in  the  cell,  and  the  less  the  efficiency, 
even  on  the  assumption  of  100  per  cent  amp-hour  efficiency. 
Thus  at  60-amperes  charging  and  discharging  rates,  the  potential 
difference  in  charge  would  average  about  1.8  volts  in  the  E-18  cell 
and  the  potential  difference  in  discharge  would  average  about  1.17 
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volts  to  the  0.75  volt  limit,  representing  a  watt-hour  efficiency  of  Go 
per  cent,  with  lOU  per  cent  aiiip-liour  efficiency. 

2.  The  Edison  cell  would  manifestly  possess  an  amp-hour  effi- 
ciency of  100  per  cent  if  no  gases  or  irreversible  substances  were 
generated  in  its  cycle  of  chemical  action.  Thus  if  a  certain  number 
of  grammes  of  ion  were  reduced  and  a  certain  number  of  grammes 
of  nickel  were  oxydized  by  one  ampere-hour  of  charging  current, 
and  no  other  action  look  place,  then  on  discharge  the  reconversion  of 
these  masses  of  active  material  would  develop  the  complete  ampere- 
hour  of  electricit}'.  On  the  other  hand,  every  gramme  of  hydrogen 
(or  the  equivalent  mass  of  oxygen)  liberated  and  discharged  from 
the  negative  plate  during  charge  absorbs  26.8  amp-hours  of  elec- 
tricity, which  is  not  returned  to  the  circuit  during  discharge.  The 
amp-hour  efficiency  of  the  Edison  cell  is,  therefore,  determined 
by  the  amount  of  gas  escaping  during  the  charge.  This  in  turn 
depends  upon  the  rate  of  charge,  or  charging-current  strength,  since 
the  greater  this  strength  the  greater  the  drop  in  internal  resistance, 
and  the  sooner  the  plates  are  brought  to  that  difference  of  potential 
at  which  the  water  is  rapidly  decomposed. 

At  high  rates  of  charge,  then,  the  watt-hour  efficiency  of  the  cell 
m^^st  fall  off,  not  only  because  of  the  voltgage  drop,  but  also  on  ac- 
count of  the  reduction  of  amp-hour  efficiency  in  gasification. 

Nevertheless,  in  many  cases,  and  particularly  in  automobile  work, 
this  sacrifice  of  energy  is  amply  Avarranted  by  the  convenience  and 
saving  of  time  effected  by  rapid  charge.  The  normal  charging  time 
of  Edison  E  cells  is  about  four  hours.  In  cyclical  charges  and  dis- 
charges of  four  hours  each,  the  amp-hour  efficiency  is  about  75  per 
cent  and  the  voltage  ratio  70  per  cent,  so  that  the  watt-hour  effi- 
ciency may  be  taken  in  round  numbers  as  50  per  cent  (0.75X0.7= 
0.525).  It  is  possible,  at  a  still  greater  sacrifice  of  efficiency,  to 
charge  the  cell  at  fully  double  the  above  normal  rate. 

Tests. 
Lnhoratonj   Tests. 

Tests  of  the  various  types  of  Edison  cell  have  been  made  in  great 
numbers  and  in  great  variety  at  the  Edison  laboratories.  Tests  have 
also  been  made  in  Europe  on  Type  D  cells  and  published  near  the 
end  of  the  year  1903  by  Finzi  and  Soldati  at  Milan  (Associaziono 
Elottrotecnica  Italiana.  12th  October,  1903),  by  M.  E.  Hospitalier 
at  the  Central  Laboratory  of  Electricity  in  Paris  {L'lndustrie  Elec- 
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triqiie,  pp.  493-497,  November,  1903),  and  by  Mr.  W.  liibbert  and 
Dr.  J.  A.  Eleming,  in  London  {Journal  of  the  Institution  of  Elec- 
trical Engineers,  Vol.  33,  Xo.  1G5,  April,  1904,  pp.  203-238).  The 
authors  also  have  conducted  at  Harvard  University  a  number  of 
tests  on  cells  of  Types  D.  and  E.  All  of  these  tests  are  fairly  con- 
cordant and  in  conformity  with  the  data  given  in  this  paper. 

The  essential  results  of  these  various  tests  are  represented  in  the 
accompanying  chart,  Fig.  7.  This  chart  gives  tlic  output  of  the 
Edison  cell  (per  unit  mass)  at  varying  power  rates  of  discharge. 
Curves  I,  II  and  III  represent  the  laboratory  tests  obtained  for 
Type  D  by  the  Laboratoire  Central  d'Electricite,  Mr.  Hibbert  and 
M.  Ilospitalier,  respectively.  Curve  V  represents  the  corresponding 
values  for  the  E-18  cell  on  normal-rated  capacity  and  delivery. 
Curve  IV  represents,  on  the  other  hand,  the  corresponding  values 
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for  the  E-18  cell,  when  operated  under  laboratory  conditions  of 
maximum  capacity  and  delivery.  In  practice,  the  output  may  be  ex- 
pected to  fall  between  these  two  curves,  IV  and  V. 

Although  the  authors'  tests  of  the  Type  E  cell  have  been  confined 
to  the  E-18  12  1/2  lb.  cell,  factory  tests  of  the  larger  sizes  of  this 
latest  show  about  12  per  cent  greater  maximum  output  per  unit 
mass  than  corresponds  to  Curve  V.  This  may  be  accounted  for  by 
the  lesser  proportion  of  dead  weight  (solution,  jar  and  connections) 
than  is  presented  in  the  E-18  cell. 

Autoniohile  Tests. 

Much  experience  has  been  attained  in  actual  service  from  the 
Edison  battery  on  automobiles.  This  experience  has  led  to  the 
elimination  of  some  of  the  minor  practical  difficulties  that  any  new 
battery  always  encounters.     The  successive  improvements     in  the 
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battery  have,  in  fact,  been  due  to  the  perception  of  defects  dis- 
covered in  actual  vehicle  practice. 

Mr.  H.  M.  Wilson  of  the  Boston  Edison  Illuminating  Company 
reported  some  observations  on  an  Edison  automobile  battery  of  6S 
D-28  cells  regularly  employed  in  a  single-seat  service  wagon  of  the 
Boston  company  carrying  two  persons.  The  weight  of  the  battery 
was  12C0  lbs.  (570  kgs).  In  four  rows  of  17  cells  each,  it  occupied 
a  space  (including  trays  and  lugs)  of  about  6  f t.  x  2  ft.,  and  was 
about  1  1/3  ft.  high,  thus  having  an  over-all  volume  of  16  cu.  ft. 
(0.45  cu.  meter).  The  weight  of  the  vehicle  complete  was  about 
3150  lbs.  (1425  kgs).  During  22  working  days  of  regular  urban 
service  in  October  and  November,  1903,  the  battery  received  1380 
amp-hours  at  110  volts,  or  151.4  kw-hours;  and  delivered  at 
terminals  68.85  kw-hours  at  an  average  potential  difference  of  85 
volts.  The  amp-hour  efficiency  was  58  per  cent,  the  volt  ef- 
ficiency, 77  per  cent,  and  the  watt-hour  efficiency,  45  per  cent.  The 
distance  run  was  324  miles,  or  14.7  miles  daily,  and  the  energy 
consumed  per  mile  was  0.47  kw-hour.  These  results  are  not  only 
much  surpassed  by  similar  batteries  of  type  E,  but  they  are  also 
stated  to  be  exceeded  by  later  batteries  of  the  type  D  here  referred 
to.     Consequently,  these  results  may  be  regarded  as  conservative. 

Durability  and  Depreciation. 

It  would  seem  that  the  Edison  cell  is  so  durable  that  no  elec- 
trical depreciation  is  discernible  in  the  cells  during  the  three  years' 
total  experience  of  the  practical  construction  of  the  battery.  No 
mechanical  corrosion  of  the  plates  or  pockets  has  been  discernible 
during  that  time  and  no  depreciation  seems  to  have  yet  occurred  in 
the  active  material,  judging  from  the  capacity  tests  of  cells  which 
are  stated  to  be  as  great  at  the  present  time  as  they  were  when  the 
cells  were  first  constructed.  The  authors  have  recently  confirmed 
this  observation  in  the  case  of  Type  D  cells  that  have  run  nearly 
3000  miles  in  an  automobile  of  the  Edison  Company  in  Boston.  The 
capacity  of  these  cells  was  found  to  be  equal  to  that  of  new  cells  of 
the  same  type.  Two  of  these  cells  were  opened  for  examination  and 
the  sediment  in  them  collected  and  dried.  The  dry  sediment 
weighed  3.9  and  7.1  grammes  respectively,  probably  less  than  one- 
third  of  1  per  cent  of  the  active  material  in  the  grids.  In  fact,  a 
new  cell  freshly  set  up  will  show  about  this  quantity  of  material 
washed  by  the  solution  from  the  external  surface  of  the  plates.    No 
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signs  of  depreciation  or  corrosion  appeared  on  any  of  the  plates  or 
connections. 

Effect  of  Rest. 

According  to  observations  at  the  factory,  Edison  cells  lose  15  per 
cent  of  their  amp-hour  charge  in  eight  weeks  of  idleness.  An- 
other test  showed  11  per  cent  of  loss  by  standing  one  M^eek.  Hib- 
bert's  tests  on  Type  D  showed  9  per  cent  loss  in  48  hours  and  37 
per  cent  in  26  days.  Hospitaller's  tests  on  Type  D  showed  less  than 
10  per  cent  loss  after  24  days.  A  test  of  the  authors  on  four  Type 
E-18  cells  gave,  after  26  days'  idleness,  100  amp-hours  per  cell. 
This  represents  a  loss  of  9  per  cent  of  the  normal-rated  capacity  of 
the  cells  or  28.6  per  cent  of  the  maximum-rated  capacity.  At  a 
corresponding  charge  the  delivery  within  24  hours  would  have  been 
about  140  amp-hours. 


Specific  Power  Delivery.  WatU  per  pound  of  battery  complete. 
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Fig.  7. —  Curves  showing  useful  enekgt  deliveked  in  discharging 
to  a  p.d.  op  0.75  volt  at  varying  power  rates  of  delivery. 


All  of  the  tests  show  that  the  cells  are  remarkably  immune  from 
deleterious  effects  due  to  careless  treatment.  Cells  have  been  al- 
lowed to  dry  out,  have  been  permanently  short-circuited  or  even 
charged  in  the  wrong  direction.  These  cells  have  shown  a  full 
restoration  of  their  capacity  after  a  prolonged  restoring  normal 
charge. 
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COXCLUSIONS. 

The  Edison  nickel-steel  alkaline  storage  cell,  in  its  large  output 
at  heavy  discharge  rates,  its  low  depreciation  in  capacity  and  its 
durability  under  severe  and  adverse  treatment,  approaches  the  capa- 
bilities of  a  piece  of  mechanical  apparatus  more  nearly  than  is  ordi- 
narily credited  to  electrolytic  structures.  For  this  reason  it  is 
specially  adapted  to  automobile  service,  where  the  treatment  is 
abnormally  arduous  and  severe. 

The  authors  desire  to  express  their  indebtedness  to  Mr.  Edison 
for  the  cells  which  he  placed  at  their  disposal  for  test  as  well  as 
facilities  for  becoming  acquainted  Avith  the  facts  concerning  their 
manufacture.  Also  to  his  assistant,  Mr.  E.  A.  Fliess,  of  the  Edison 
Storage  Battery  Company,  who  very  kindly  placed  an  invaluable 
collection  of  experimental  data  at  our  disposition.  We  are  also 
indebted  to  Mr.  C.  L.  Edgar,  president  of  the  Boston  Edison  Illu- 
minating Company,  for  the  use  of  his  battery  in  tests  and  informxa- 
tion  concerning  the  same  from  his  assistants. 

Discussion. 

Prof.  C.  F.  BuBGESS:  I  should  like  to  refer  to  some  of  the  tests  which 
Messrs.  Almond  and  Davidson,  in  the  department  of  applied  electrochem- 
istry of  the  University  of  Wisconsin,  have  carried  out  on  the  Edison  cell 
during  the  past  year.  Their  results  corroborate,  to  a  considerable  extent, 
the  figures  given  in  the  paper  just  presented.  The  tests  were  made  on 
two  tj'pe  "  E-27  "  cells  taken  from  an  automobile  in  service  in  ]\Iadison, 
and  submitted  to  20  charges  and  discharges.  Tlie  charging  rate  was 
0  hours,  and  the  rate  of  discharge  varied  in  different  runs  from  1  to  G 
hours.  In  no  case  was  a  watt-hour  efficiency  obtained  which  materially 
exceeded  .'^O  per  cent,  even  on  the  lower  rates  of  charge  and  discharge.  It 
seems  possible,  however,  to  obtain  a  slightly  higher  efficiency,  by 
decreasing  the  amount  of  charge  given  to  the  battery. 

Tests  were  made  on  the  loss  of  charge  while  standing  on  open  circuit, 
and  it  was  found  that  standing  fully  charged  during  30  days  and  then 
discharged  at  a  five-hour  rate,  the  loss  of  ampere-hours  was  25,  or  19.3 
per  cent.  In  regard  to  gas  evolution,  some  interesting  observations  were 
made.  The  iotal  volume  of  gas  on  the  charge  and  discharge  was  meas- 
ured on  several  runs.  It  was  found  that  with  a  22-ampere  charging  rate 
there  was  ..59  of  a  cubic  foot  of  gas  liberated  during  the  charge,  as 
measured  by  an  ordinary  gas  meter.  At  a  3:')-ampere  charging  rate  the 
amount  of  gas  liberated  was  .63  of  a  cubic  foot,  while  at  the  rate  of 
17.T  armatures — a  very  high  rate — the  total  amount  of  gas  liberated  was 
1. .59  cubic  feet,  tlnis  showing  where  a  good  deal  of  the  energy  goes.  It  was 
found  that  during  discharge  at  a  low  rate  there  was  about  .01  of  a  foot 
of  gas  liberated,  and  at  the  highest  rates  of  discharge  gas  was  not  liber- 
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ated  in  sufiicicnt  quantities  to  be  measured.  I  would  like  to  ask  tlie 
authors  of  the  paper  if  they  made  any  observations  upon  the  amount 
of  gas  liberated  during  the  charge  or  discharge  of  the  cell  as  coniirming 
the   above   mentioned   measurements  ? 

Dr.  A.  E.  Kennelly:  We  made  no  measurements  of  the  amount  of 
gas   liberated   in   the   cells. 

The  gist  of  our  paper  is  that  the  Edison  cell  appears  to  possess  a  definite 
energy-storage  capacity  per  unit  weight  (in  the  measurements  detailed  in 
our  paper  about  32  watt-hours  per  kilo),  of  which  any  desired  portion 
may  be  delivered  to  the  external  circuit  by  suitably  proportioning  the 
external  resistance,  or,  in  other  words,  by  assigning  the  electrical  efficiency 
of  discharge.  Expressing  the  same  result  in  another  way,  the  energy 
delivered  to  the  entire  discharging  circuit  (both  internal  and  external) 
seems  to  be  practically  the  same  within  all  Avorking  ranges,  and  the 
externally  delivered  energy  only  varies  as  the  external  resistance  forms 
a  larger  or  smaller  portion  of  the  total  resistance  in  the  circuit.  The 
externally  delivered  energy  will  be  60,  75,  or  90  per  cent  of  the  total 
charge  according  as  the  external  resistance  is  60,  75,  or  90  per  cent  of 
the  total  resistance  in  the  discharging  circuit,  at  least  to  a  first  approxi- 
mation sufficient   for  most   practical   purposes. 

This  nearly  constant  release  of  energy  into  the  discharging  circuit  and 
the  hardihood  of  the  cell  under  severe  usage  are,  perhaps,  the  most  salient 
points  in  the  cell's  behavior. 

Mr.  S.  S.  Sadtleb:  I  would  like  to  ask  Messrs.  Kennelly  and  Whiting 
whether  they  noticed  any  trouble  due  to  the  alkaline  solution  taking  up 
the  carbonic  acid  from  the  air.  I  should  think  there  would  be  a  loss 
of  efficienc}'^  in   that  way. 

Mr.  S.  E.  Whiting:  Owing  to  the  construction  of  the  cell,  which  is 
virtually  sealed  hermetically,  the  carbonic  acid  of  the  air  has  very  little 
opportunity   to  enter  the  cell. 

The  Chairman  then  invited  Dr.  J.  W.  Richards  to  read  his  paper. 


ELECTROLYTIC  CONDUCTION. 


BY  PROF.  JOSEPH  W.  RICHARDS,  Lehigh  University. 


Faraday  divided  conductors  into  two  classes,  calling  them  con- 
ductors of  the  first  and  of  the  second  classes.  The  first  class  con- 
ducted the  electric  current  without  chemical  decomposition,  theii 
conductibility  decreased  with  increasing  temperature  and  vice  versa; 
they  showed  no  back  e.m.f.  when  the  current  was  stopjjed.  The 
second  class  were  decomposed  when  the  current  passed,  that  is,  the 
products  of  their  decomposition  appeared  at  the  terminals,  on 
passing  the  current,  their  conductibility  increased  with  increasing 
temperature  and  vice  versa,  and  they  showed  a  back  e.m.f.  when  the 
current  was  stopped. 

Later,  Ohm  showed  that  for  conductors  of  Faraday's  first  class 
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R  =  j^  and  that  R  is,  a  function  of  the  length  and  cross-section 

of  the  conductor.  The  specific  resistance,  i.  e.,  the  resistance  in 
ohms  of  a  centimeter  cube,  is  a  natural  property  of  the  conductor, 
comparable  with  its  specific  gravity  or  any  other  physical  property. 
These  principles  discovered  by  Ohm  are  so  firmly  fixed  with  regard 
to  conductors  of  the  first  class  that  we  will  assume  their  truth  in 
our  further  discussion. 

Later  it  was  shown  by  Thomson  that  Ohm's  law  also  applies 
to  conductors  of  Faraday's  second  class,  if  from  the  applied 
e.m.f.  there  be  first  substracted  the  e.m.f.  corresponding  to  the 
work  of  chemical  decomposition  which  was  being  accoimplished 
by  the  current.  If  E  be  the  total  applied  e.m.f.  and  E'^  be  the  e.m.f. 
corresponding  to  the  work  of  chemical  decomposition,  then  7?  = 

— jr^ — and  R  is  also  here  found  to  be,  in  this  way,  a  function  of  the 

length  and  cross-section  of  the  conductor.  If  the  terminals  be  so 
chosen  that  the  electrolyte  is  exactly  reconstituted  by  the  use  of  a 
soluble  anode  of  the  same  nature  as  the  cathion  which  is  1)eing  de- 
posited, then  the  algebraic  sum  of  the  chemical  work  being  per- 

formed  is  zero,  and,  E^  being  zero.  7?  =  -^  which  permits  of  a 

ri52] 
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very  simple  and  accurate  verification  of  Ohm's  law  for  this  class  of 
conductors. 

It  is  admitted  then  that  conductors  of  Faraday's  second  class, 
viz.,  electrolytic  conductors,  possess  specific  conductivity  and  inter- 
pose specific  resistance  to  the  passage  of  the  current  which  is  in  all 
respects  similar  to  conductors  of  the  first  class.  The  only  difference 
is  that  conductors  of  the  second  class  are  decomposed  by  the  current 
passing  through  them,  and,  therefore,  absorb  an  additional  e.m.f. 
corresponding  to  the  chemical  potential  of  the  chemical  decomposi- 
tion performed. 

Much  discussion  has  been  raised  regarding  the  mechanism  of  the 
conduction  of  electricity  through  these  two  kinds  of  conductors. 
Since  no  one  knows  how  electricity  is  conducted  through  metals,  or 
conductors  of  the  first  class,  the  discussion  has  been  very  one-sided, 
being  principally  confined  to  the  elaboration  of  a  theory  of  elec- 
trolysis applicable  only  to  conductors  of  the  second  class;  a  theory 
which  links  together  as  one  phenomenon  the  conduction  of  elec- 
tricity through  the  body  of  an  electrolyte  and  the  resulting  de- 
composition produced  at  the  electrodes.  According  to  this  theory, 
the  electrolyte  is  divided  throughout  as  soon  as  it  begins  to  trans- 
mit current  into  two  oppositely  charged  constituents  which  take  up 
their  march  toward  the  opposite  electrodes.  Modern  electro-chem- 
istry has  determined  with  great  industriousness  what  these  charged 
ions  are  in  a  great  many  electrolytes,  what  their  relative  and  even 
their  actual  velocities  are  through  the  electrolyte  at  different 
temperatures,  and  explains  the  appearance  of  products  of  decompo- 
sition at  the  electrodes  by  postulating  the  discharge  of  these  charged 
ions  as  soon  as  their  migration  brings  them  into  actual  contact  with 
the  electrodes. 

If  this  view  is  correct,  then  electrolytic  conduction  is  per  se,  in 
the  body  of  the  electrolyte,  different  in  nature  or  kind  from  metallic 
conduction,  in  which  we  know  that  there  is  no  migration  of  ions  or 
carrying  of  the  current  by  the  convective  action  of  charged  ions. 

The  object  of  this  paper  is  to  present  the  thesis  that,  as  far  as 
the  conduction  of  electricity  through  the  body  of  the  conductor  is 
concerned,  there  is,  as  far  as  we  can  determine,  complete  identity 
between  metallic  conductors  and  so-called  electrolytic  conductors. 

Marvin  has  shown^  that  when  a  current  is  induced  in  a  circu- 
lar electrolytic  conductor,  it  behaves  toward  induced  currents  in 
exactly  the  same  manner  as  a  metallic  conductor  of  the  same  re- 

1.  Trans.  Am.  Electrochemical  Society,  III  (1903),  p.  354. 
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sistance.  In  other  words,  it  acts  as  a  conductor,  plain  and  simple, 
and  nothing  associated  with  the  experiments  show  in  any  way 
any  deviation  from  the  ordinary  properties  of  a  metallic  conductor. 

In  the  experiments  of  Kichards  and  Landis-  on  the  electro- 
lysis of  sulphuric  aeid  solutions,  such  were  shown  to  act  toward 
feeble  direct  currents  merely  as  conductors  of  Faraday's  first 
class,  as  long  as  the  currents  used  were  so  small  that  the  products 
of  decomposition  were  entirely  recombined  by  the  gases  present 
dissolved  in  the  electrolyte.  In  other  words,  to  understand  the 
phenomena  presented  in  these  experiments,  the  best  starting  point 
is  to  postulate  first  that  the  electrolyte  is  a  simple  conductor,  that 
it  conducts  current  in  the  ordinary  manner  which  is  true  of  any 
conductor,  and,  having  this  as  a  foundation,  we  may  then  proceed 
to  discuss  separately,  as  an  entirely  distinct  phenomenon,  the  elec- 
tro-chemical actions  taking  place  where  the  current  leaves  or  enters 
tne  electrolyte. 

Many  solid  chemical  compounds  are  conductors  of  electricity; 
in  fact,  the  majority  are.  They  are,  in  this  condition,  undoubtedly 
conductors  in  the  ordinary  sense  of  possessing  metallic  conductivity. 
I  have  found  no  scientist  who  ascribes  a  different  kind  of  conductiv- 
ity or  a  different  mechanism  of  conduction  to  a  solid  copper  bar 
from  a  liquid  column  of  mercury.  In  fact,  liquid  mercury  is  used 
as  the  standard  of  resistance  of  metallic  conductors.  There  is 
no  sharp  change  in  electrical  conductivity  when  a  metal  melts, 
which  again  points  to  the  identity  of  metallic  conduction  through 
solid  or  liquid  metals.  Similarly,  there  is  no  sharp  change  in  con- 
ductivity when  a  solid  conducting  salt  melts;  it  becomes  a  liquid 
conductor  at  the  melting  point  without  change  in  conductivity,  just 
as  metals  do.  The  conclusion  is  that  there  is  conductivity  of  the 
same  nature  in  a  fluid  salt  as  in  a  solid  salt,  and  as  in  a  metal,  viz., 
metallic  conduction. 

The  proof  of  these  statements  may  be  found  in  any  text-book  of 
electro-chemistry,  such  as  Ostwald's  " Lehrhuch,"  Vol.  II  (2d  ed.) 
p.  71C. 

Since  a  solid  salt  conducts  metallically,  and  a  fused  salt  electro- 
lytically,  that  is,  with  accompanying  electrolysis,  we  must,  in  ad- 
mitting that  the  mechanism  of  the  conduction  through  the  body 
of  an  electrolyte  is  mere  metallic  conduction  and  nothing  else, 
admit  also,  that  the  electrolysis  is  a  thing  apart  from  the  mechanism 
of  the  conduction.    The  electrolytic  or  electro-chemical  phenomena 

2.  Trans.  Am.  Electrochemical  Society,  III,  p.  115,  and  IV,  p.  Ill   (1903). 
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accompanying  the  passage  of  the  current  are  matters  occurring  only 
at  the  electrodes,  and  have  no  rational  connection  with  the  mechan- 
ism of  the  transmission  of  the  current  through  the  body  of  tho 
electrolyte. 

Much  light  is  thrown  \;pon  this  subject  by  the  following  experi- 
ment :  A  narrow  glass  tube  about  12  ins.  long  is  turned  up  at  the 
ends,  so  as  to  leave  about  6  ins.  straight  tulie  in  the  middle.  It  is 
warmed,  and  melted  zinc  chloride  (M.  P.  262  deg.  C.)  poured 
into  it.  A  Bunsen  burner  is  kept  under  the  middle,  to  keep  it 
melted,  and  two  zinc  rods  are  plunged  into  the  melted  salt  in  the 
upturned  ends,  where  the  salt  at  once  sets.  The  cell  is  now  con- 
stituted as  follows :  Zinc  —  Solid  ZnCL  —  Melted  ZnClj  —  Solid 
ZnClg  —  Zinc.  Asbestos  screens  are  slipped  over  the  tube  so  as 
to  define  sharply  the  boundary  line  between  solid  and  fused  salt. 

When  the  temperature  is  steady  for  some  time,  a  thermopile  is 
connected  with  the  terminals,  a  delicate  galvanometer  reading  to 
microamperes  being  put  into  the  circuit.  The  following  facts  were 
established:  (1)  For  e.m.f.s  up  to  3.5  volts,  the  current  passing  is 
proportional  to  the  applied  e.m.f.  (2)  On  removing  the  impressed 
voltage,  there  is  no  trace  of  back  e.m.f.,  in  any  case.  (3)  On  con- 
tinuing a  current  of  50  to  100  microamperes  15  minutes,  there  is 
no  trace  of  electrolysis,  either  by  the  formation  of  gas  or  metallic 
deposit  or  "  metallische  Schliere  "  at  the  junction  of  the  liquid  and 
the  solid  electrolyte  or  at  the  metallic  terminals. 

The  experiment  proves  to  the  writer,  taking  it  in  connection 
with  the  preceding  observations,  that  the  liquid  salt  acts  merely 
as  a  simple  conductor  of  the  same  nature  as  metallic  conductors, 
and  by  a  similar  mechanism,  and  that  the  question  as  to  whether 
electrolysis  or  electro-chemical  action  takes  place  is  a  matter  entirely 
independent  of  the  mechanism  of  electric  conduction  through  the 
body  of  the  electrolyte.  At  any  rate,  the  passage  of  electric  current 
from  solid  zinc  to  solid  zinc  chloride,  or  vice  versa,  or  from  solid 
zinc  chloride  to  fused  zinc  chloride,  or  vice  versa,  is  not  one  of  the 
conditions  which  produce  electro-chemical  decomposition  of  the  zinc 
chloride. 

What,  then,  is  electrolysis,  and  where  is  its  seat?  It  is  electro- 
chemical decomposition  produced  at  the  points  where  the  electric 
current  passes  from  a  fluid  compound  conductor  to  a  fluid  or 
solid  simple-conducting  body  or  to  a  solid  compound-conducting 
body,  and  its  seat  is  the  contact  surface.  Its  nature  or  cause  is 
entirely  independent  of  the  manner  in  which  the  electricity  haa 
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been  propagated  through  tlie  body  of  tlie  electrolyte,  and  is  a  func- 
tion only  of  the  transfer  of  electricity  from  the  fluid  compound  to 
the  terminal. 

This  transfer  of  energy  is  accompanied  by  an  unloosening  of 
chemical  affinities,  and  Avhile  one  constituent  of  the  electrolyte  is 
liberated,  the  other  is  potentially  freed.  This  potentially  free  con- 
stituent sets  up  through  the  body  of  the  whole  electrolyte  a  condi- 
tion of  chemical  stress  or  stress  of  chemical  affinity,  which  is  trans- 
mitted from  molecule  to  molecule  to  the  other  electrode,  where  the 
complimentary  constituent  is  potentially  free.  This  chemical  stress, 
exhausting  itself  in  diffusion  effects,  and  the  primary  cause  of  the 
migration  phenomena,  is  chemical  in  its  nature  and  not  electrical, 
and  is  caused  by  the  transfer  of  the  electrical  energy  at  the  surface 
of  the  electrodes.  The  migration  phenomena  are,  in  this  view,  sec- 
ondary chemical  effects  of  the  transfer  of  the  current  energy  at 
the  surface  of  the  electrodes,  and  are  not,  in  any  way,  phenomena 
inseparably  connected  with  the  mechanism  of  the  transfer  of  electric 
current  through  the  body  of  the  electrolyte. 

If  this  view  be  accepted,  and  the  writer  believes  it  to  be  the 
correct  view  of  the  subject,  then  many  phenomena  accompanying 
electrolysis  receive  their  solution.  It  must  be  understood  that,  in 
this  view,  the  electro-chemical  action  is  regarded  as  inseparable  from 
the  transfer  of  electric  energy  from  a  fluid  compound  traversed  by 
the  current  to  a  solid  or  liquid  conductor  of  chemically  different 
nature,  and,  therefore,  the  generation  of  the  chemical  stress  and 
the  consequent  phenomena  of  migration  are  inevitable  consequences 
of  the  passing  of  the  current.  Viscosity  by  hindering  the  trans- 
mission of  the  chemical  stress  hinders  the  transfer  at  the  electrodes, 
which  can  only  proceed  as  the  chemical  stress  is  neutralized  or  ex- 
hausted by  the  motion  of  the  ingredients  of  the  electrolyte  toward 
the  two  terminals. 

It  will  undoubtedly  be  at  once  objected  that  the  writer's  view 
is  simjfly  that  of  current  theories,  calling  electric  potential  stress 
chemical  stress.  Practically,  the  latter  is  to  be  regarded  as  pro- 
duced by  the  former,  in  tlie  transfer  of  the  current  at  the  elec- 
trodes, but  the  whole  point  of  this  discussion  is  that  while  electro- 
chemical action  is  produced  directly  by  the  current  at  the  surface 
of  the  electrodes,  the  means  of  communication  between  the  two  elec- 
trodes by  which  the  continuance  of  that  action  is  preserved  is  in 
no  sense  by  means  of  convection  currents  of  charged  ions,  but  is 
by  means  of  chemical  stress  transmitted  entirely  independently  of 
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the  mechanism  of  the  conduction  of  the  current  through  the  body 
of  the  electrolyte. 

The  conduction  of  the  current  through  the  body  of  the  electro- 
lyte is  simple,  normal,  physical  conduction,  a  physical  phenomena ; 
the  transfer  of  the  current  from  the  electrolyte  to  the  surface  of  the 
electrodes  is  physico-chemical,  electro-chemical,  the  point  of  con- 
version of  electrical  into  chemical  energy  and  vice  versa — it  is  the 
electro-chemical  phenomenon ;  the  reuniting  of  the  constituents  lib- 
erated at  the  electrodes,  that  is,  the  exchange  of  parts  of  molecules 
so  that  the  compliment  of  the  cathion  finally  unites  by  intermediate 
exchange  with  the  compliment  of  the  anion,  is  the  effect  of  purely 
chemical  stress  exerted  upon  the  electrolyte  by  the  complimentaries 
of  the  anion  and  cathion,  and  the  resulting  migration  phenomena 
are  caused  by,  and  are  the  result  of,  this  chemical  stress  —  these 
are  chemical  phenomena.  The  whole  of  electrolysis  is,  therefore, 
comprised  in  these  three  consecutive  phenomena  —  first,  physical ; 
then  physico-chemical  or  electro-chemical;  lastly,  chemical. 

Discussion. 

Mr.  Caul  Hering:  I  was  interested  in  tlie  experiment  which  Professor 
Richards  described,  in  which  he  led  the  current  from  a  solid  salt,  through 
a  liquid  and  into  a  solid  salt  again;  to  see  where  the  decomposition 
would  take  place,  as  it  is  an  experiment  I  myself  suggested  a  number 
of  years  ago,  but  I  did  not  find  the  proper  salts  for  carrying  it  out. 
I  am  very  much  disappointed,  however,  that  Dr.  Richards  used  such 
feeble  currents  as  100  microamperes,  for,  in  my  opinion,  the  experiment 
has  but  little  value,  because  the  amount  of  gas  could  be  readily  absorbed 
by  the  liquid,  or  be  practically  invisible.  I  am  sorry  he  did  not  make 
the  experiments  with  good-sized  currents — 10  amperes,  if  necessary — so 
that  the  evolution  of  the  gas  would  be  very  decided.  In  that  way  we 
could  find  out  in  what  part  of  that  experiment  metallic  conduction  ceased 
and  electrolytic  began,   and  vice  versa. 

Dr.  E.  F.  Roeber:  From  experiments  made  by  Professor  Lorenz  in 
Zurich,  one  would  expect  that  even  if  Doctor  Richards  had  continued 
his  experiment  for  a  longer  time  with  the  same  current,  the  conduction 
would  still  have  been  apparently  metallic.  Lorenz  shows  that  if  the 
current-density  is  below  a  certain  value,  the  metal  deposited  cathodically 
has  sufficient  time  to  go  into  solution  in  "  mist  "  form.  This  mist  passes 
to  the  anode  and  recombines  with  the  chlorine ;  you  have  thus  perfect 
depolarization.  On  the  whole  you  do  not  get  any  effect,  although  you 
have  electrolytic  action.  Thus  the  conduction  is  apparently  metallic, 
although   in   part   it   is   electrolytic,   i.  e.,   follows   Faraday's  law. 

Mr.  Herixg:  Where  is  the  surface  of  the  electrode?  Is  it  the  sur- 
face of  the  metallic  rod,  or  the  place  where  the  solid  chloride  stops  and 
the  liquid  chloride  begins?  In  other  words,  is  the  solid  chloride  decom- 
posed or  not? 
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Dr.  E.  F,  Roeder:  Professor  Lorenz's  experiments  do  not  give  any 
answer  to  this  question  since  lie  used  carbon  electrodes  directly  in  tlie 
fused  bath.  Fersonalh',  1  would  expect  electrolytic  action  at  the  bound- 
ary surface  of  the  metallic  zinc  rod  and  the  solid  chloride.  In  other 
words,  it  Avould  be  surprising  if  the  solid  chloride  would  not  conduct  the 
current  in  essentially  the  same  way  as  the  fused  chloride,  although  in 
solid  state  it  may  have,  of  course,  an  enormously  smaller  electric  con- 
ductivity.    But,  of  course,   this  question  must  be  decided  by  experiments. 

Dr.  H.  E.  Fatteis-:  With  regard  to  Prof.  J.  \V.  Richards'  first  point 
on  page  4,  he  states  that  for  e.m.fs.  up  to  3.5  volts  the  current  passing 
is  proportional  to  the  applied  e.m.f.  For  non-corrodible  electrodes  this 
would  mean  simply  that  at  low  current-density  the  dissolved  gases  or 
other  ingredients  of  the  electrolyte  successfully  remove,  or  depolarize, 
the  products  of  electrolysis.  With  no  polarization,  naturally  he  would 
get  a  straight  CR  line.  For  his  especial  case,  Zn  —  ZnCl^  (solid)  — 
ZnCli  (fused)  — ZnCU  (solid)  — Zn,  a  straight  CR  line  means  only  that 
in  fused  zinc  chloride,  Ohm's  law  holds  good.  No  polarization  is  to  be 
expected  here  with  zinc  opposing  zinc,  consequently  Professor  Richards' 
second  point  on  page  4  lends  no  weiglit  to  his  contention.  As  to  point 
3,  page  4,  the  current,  some  0.09  coulomb,  would  deposit  about  0.00003 
gr.  of  zinc.  This  distributed  over  the  electrode,  whose  size  is  not 
stated,  would  be  hard  to  detect,  especially  as  no  mention  is  made  of 
microscopic  examination.  The  quantity  of  chlorine  to  be  given  off  for 
this  current  would  measure  about  0.01  cubic  cm  and  as  distributed  about 
the  zinc  anode  would  be  difTicult  to  detect  by  the  unaided  eye,  especially 
through  the  coating  of  solid  zinc  chloride  which  surrounds  this  anode. 
With  an  easily  corrodible  anode,  such  as  zinc,  we  would  have  certainly 
most,  and  probablj-  all  the  chlorine  fixed  to  form  fresh  zinc  chloride. 

On  page  6,  the  conduction  of  the  current  through  the  body  of  the  elec- 
trolyte is  stated  to  be  simple  normal  physical  conduction,  a  physical 
phenomenon.  Inasmuch  as  the  other  sections  are  discussing  that  very 
thing,  as  to  what  constitutes  conduction  in  solids,  it  can  not  be  termed 
"simple,"  although  it  may  be  termed  "physical."  The  point  is,  it  is 
hardly  scientific  for  us  to  say  that  part  of  a  process  is  physical,  and 
leave  it  at  that,  Avhile  we  explain  the  other  part.  It  is  for  electro- 
chemists    to   deal    ^^•ith    conduction   and    electrolysis   as   a  whole. 

The  experiments  of  llittorf  are  interesting  in  this  connection.  He  found 
on  electrolyzing  fused  silver  sulphide  and  then  allowing  it  to  cool,  that 
metallic  threads  ran  through   the  mass. 

Dr.  W.  D.  Bancroft:  In  this  paper  it  is  stated  that  many  solid 
chemical  compounds  are  imdoubtedly  metallic  conductors.  That  would 
seem  to  be  purely  an  assumption.  Doctor  Richards  tries  to  prove  it 
by  eaj'ing  that  because  a  solid  and  a  liquid  metal  conduct  metallically, 
therefore  solid  salt  is  a  metallic  conductor.  I  do  not  see  why  he  did 
not  put  it  aroimd  the  other  way  and  say  that  because  solid  and  liquid 
silver  iodide  conduct  electrolytically,'  then  copper  does.  On  the  next 
page  he  says  that  "  Since  a  solid  salt  conducts  metallically  "  and  then 
goes  ahead.     If  you   reject   his  assumption,  there   is  nothing  left  of  the 
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basis  of  his  theorj-.  1  (juite  agree  with  Mr.  Hering  and  Mr.  Patten  as 
to  tlic  utter  worthlessness  of  tlie  experiment  in  its  present  form.  When 
it  comes  to  detecting  a  loss  or  gain  of  0.03  mg  zinc  on  the  zinc  rod 
electrodes  by  the  eye,  it  is  asking  a  good  deal  of  us  to  accept  that. 
Another  point  is  of  historical  importance  only.  Doctor  Richards  says 
that  it  was  shown  by  Thomson  that  Ohm's  law  also  applies  to  electrolytic 
conductors  if  the  counter  electromotive  of  polarization  be  subtracted. 
Since  both  Wheatstone  and  Daniell  were  quite  clear  on  this  point,  the 
reference   to   Thomson   is   unfortunate. 

Prof.  L.  Kaiile^'berg  :  1  desire  to  call  attention  to  the  fact  that  the 
idea  that  the  changes  of  concentration  of  the  electrolyte  at  the  electrodes 
as  the  electrolysis  proceeds  is  due  to  chemical  stress  or  strain  is  not  at 
all  new.  In  a  paper  which  C.  J.  Reed  presented  to  the  Franklin  Institute 
a  few  years  ago,  he  stated  that  if  the  products  of  electrolysis  could  be 
taken  from  the  electrolyte  at  the  electrodes  without  the  aid  of  the  electric 
current,  the  usual  concentration  changes  at  the  electrodes  would  take 
place  just  as  in  electrolysis.  Thus  the  deposition  of  zinc  at  the  cathode 
would  deplete  the  solution  in  zinc  at  that  point,  and  consequently  zinc 
would  pass  over  to  that  place  by  diffusion.  This  view  has  also  been 
held  by  others  from  time  to  time,  and  I  have  alluded  to  it  in  a  paper 
on  "  Electrochemical  Theories "  which  I  presented  to  the  American  Elec- 
trochemical Society  at  its  initial  meeting.  I  quite  aerree  with  those  who 
have  spoken  as  to  the  worthlessness  of  the  experiments  described  as  show- 
ing that  we  have  here  a  case  of  metallic  conduction. 

Prof.  J.  W.  Richards:  In  regard  to  the  minuteness  of  the  products 
and  of  the  currents  which  I  used,  I  will  say  that  I  very  frequently  use 
smaller  currents  than  were  used  here,  and  the  evolution  of  hydrogen  and 
oxygen  caused  by  these  currents  is  very  easy  to  observe ;  so  that  if  there 
had  been  a  trace  of  chlorine  I  am  sure  it  would  have  been  noticed,  because 
of  my  experience  with  the  use  of  currents  of  this  kind.  I  can  not  speak 
with  positiveness  as  to  whether  the  zinc  cloud  produced  by  that  current 
could  have  been  seen,  but  I  have  seen  it  with  very  small  currents.  In 
regard  to  the  use  oi  3y^  volts,  I  will  say  that  that  was  all  the  voltage 
I  had  at  command  at  the  time,  and  that  to  have  caused  a  current  of 
10  amperes,  as  Mr.  Hering  suggests,  would  have  required  something  like 
3500  volts,  and  such  large  currents  are  not  always  available.  As  Mr. 
Patten  and  Mr.  Bancroft  have  remarked,  and  the  idea  is  one  which  I  wish 
to  impress  on  the  Society,  others  have  been  thinking  of  the  practical 
identity  of  the  two  kinds  of  conduction.  I  know  that  Professor  Thomp- 
son and  others  have  been  working  to  show  that  ordinary  metallic  con- 
duction is  by  a  convective  electronic  process.  The  whole  point  of  the  dis- 
cussion, as  I  take  it,  is  that  the  similarity  of  the  two  kinds  of  conduction 
has  been  suspected,  and  perhaps  verified,  not  only  by  this  experiment, 
but  by  a  number  of  other  considerations. 

The  Chairman  then  requested  Doctor  Roeber  to  present  Prof.  Dr. 
Richard  Lorenz's  paper,  in  the  absence  of  the  author.  The  paper  was 
read  from  the  MSS.  with  the  illustrations  printed  and  distributed  among 
the  members. 
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The  scientific  production  and  the  industrial  utilization  of  the 
products  of  the  electrolysis  of  fused  salts  have,  during  the  last  two 
decades,  heen  greatly  enhanced,  partly  owing  to  the  enormous  prog- 
ress, which  raised  electrometallurgical  processes  to  an  importance  at 
first  hardly  suspected,  and  partly  owing  to  the  researches  which 
have  heen  conducted  with  the  object  of  studying  the  theory  of  the 
electrolysis  of  fused  salts. 

Pursuing  the  latter  aim  the  Electrochemical  Laboratory  at  Zurich 
has  for  some  3'ears  past  pul)lished  a  large  number  of  researches  upon 
the  subject  of  the  electrolysis  of  fused  salts.  The  author  of  this 
paper  has,  in  co-operation  with  his  students,  studied  the  phenomena 
accompanying  the  electrolysis  of  fused  salts  qualitatively  as  well  as 
quantitatively  both  with  regard  to  the  qualitative  treatment  of  the 
substances  to  be  electrolyzed,  and  the  determination  of  the  amount 
of  polarization,  the  e.m.f.  of  the  current-generating  fused  systems, 
the  conductivity,  the  voltage  of  decomposition,  and  particularly  the 
application  of  Faraday's  law.  Based  on  the  collection  of  data  of 
facts,  it  was  also  possible  to  determine  the  outlines  of  a  theory  of 
the  electrolysis  of  fused  salts  up  to  temperatures  of  about  1000 
deg.  C,  and  to  deduce  from  them  the  consequences  of  the  same  as 
regards  the  limitations  of  Faraday's  law,  and  as  regards  prospective 
technical  processes. 

The  choice  of  a  suitable  apparatus  is  a  constant  difficulty  recur-- 
ring  in  new  forms  when  solving  electrolytic  problems  of  fused 
salts.  A  characteristic  example  of  this  is  the  electrolysis  of  fused 
zinc  chloride.  If  for  instance  one  tries  to  fuse  this  salt  in  a  porce- 
lain crucible  heated  in  a  free  Bunsen  flame,  and  to  electrolyze  it 
between  two  carbon  electrodes,  no  matter  in  what  direction  they 
project  into  the  salt,  no  normal  electrolysis  of  zinc  chloride  will 
take  place.  A  strong  evolution  of  gas  immediately  takes  place,  and 
the  electrolyte  shows  an  exceptionally  high  specific  resistance.  The 
contents  of  the  crucible  foams  and  overflows  after  a  short  time,  and 
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zinc  will  not  be  found  deposited  at  the  bottom  of  the  crucible,  nor 
on  the  cathode,  while  the  electrolyte  itself  has  become  strongly  basic 
after  the  electrolysis.  Variations  of  the  conditions  of  the  experi- 
ment remain  fruitless.  If  one  asks  for  the  reason  for  the  failure  of 
the  experiment  it  is  to  be  ascribed  solely  to  the  incompleteness  of 
the  apparatus  used,  to  which,  in  the  case  of  chloride  of  zinc,  must  be 
added  the  exceptional  hygroscopic  quality  of  this  salt. 

It  was  thus  very  natural  that  the  main  interest  of  the  author  at 
the  beginning  of  his  studies  should  be  turned  toward  the  construc- 
tion of  various  apparatus.  An  apparatus  of  very  general  applica- 
tion is  the  wrought-iron  furnace  intended  for  the  V-shaped  elec- 
trolyzer,  which  H.  Helfenstein  described  in  detail  (Zeit.  Anorg. 
Ch..,  Vol.  23,  p.  260,  Fig.  2,  1900).  The  requirements  of  every 
such  apparatus  are  that  it  be  easy  to  operate  at  the  best  attainable 
constancy  of  temperature.  The  great  extent  to  which  the  latter 
condition  especially  influences  and  determines  the  phenomena  and 
results  of  the  electrolysis  of  fused  salts  will  be  the  subject  of  various 
explanations  below.  With  the  introduction  of  the  V-shapcd  re- 
ceptacle the  question  as  to  the  suitable  form  of  the  electrolyzer  for 
laboratory  research  was  solved  in  a  relatively  simple  way.  Up  to 
700  deg.  C,  V-tubes  of  hard  glass  are  used,  above  this  temperature 
they  are  of  porcelain.  The  other  type  to  be  considered  is  the  cylin- 
drical receptacle,  whose  simplest  form  is  probably  rejiresented  by 
the  common  porcelain  crucible.  The  differences  between  these  are 
of  great  importance  for  the  explanation  of  the  theory  of  the  elec- 
trolysis of  fused  salts,  and  will  ])e  considered  more  in  detail  below. 

Another  question  of  importance,  mainly  in  connection  with  the 
question  of  the  current  efficiency,  is  the  way  in  wdiich  the  elec- 
trolyte is  treated  beforehand.  In  this  respect  it  is  especially  the 
hygroscopic  haloid  salts  which  necessitate  such  a  preparation ; 
among  these  is  to  be  recalled  mor.e  especially  Bunsen's  method  of 
melting  together  the  haloid  salts  of  the  heavy  metals  with  the  alka- 
line haloids,  in  order  to  be  able  to  electrolyze  them ;  in  this  way  he 
produced  low  melting  mixtures,  which  thus  rendered  the  desired 
results.  This  method  of  Bunsen  has  been  repeatedly  applied  and 
varied  by  other  experimenters  in  their  scientific  researches,  as  also 
on  the  industry;  and  for  a  long  time  this  method,  which  up  to  a 
certain  degree  is  reliable,  was  applied  to  improve  the  current  ef- 
ficiency. The  researches  of  the  Electrochemical  Laboratory  of 
Zurich  have  for  the  first  time  shown  that  Bunsen's  solution  of  the 
problem  in  some  cases  may  be  improved  upon  bv  a  method  never 
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before  used,  consisting  of  preparing  the  electrolyte  in  advance  by 
moan?  of  watei-al)sorbing  gases.  Of  this  process  a  complete  descrip- 
tion will  also  be  given  below. 

The  autlior  has.  partly  together  with  his  students,  constructed 
several  furnaces  for  laboratory  use  (Zeit.  f.  Electrochemie,  Vol.  7, 
pp.  278,  279.  1!)0()),  and  has  published  several  methods  of  re- 
search intended  for  pyroelectric  measurements  {Zeit.  Anorg.  Client., 
Vol.  19,  p.  221,  18J)9;  Vol.  20,  p.  335,  1899;  Vol.  21,  p.  311,  1899; 
Vol.  25,  p.  140,  1900;  Vol.  27,  p.  159,  1901;  Vol.  28,  p.  388,  1901). 
In  what  follows  there  will  be  given  some  prominent  examples  of 
important  phenomena  and  also  quantitative  results  of  the  elec- 
trolysis of  fused  salts. 

Some  Prominent  Qualitative  Phenomena  in  the  Electrolysis 

or  Fused  Salts. 

Phenomena  which  are  apparently  abnormal  are  by  no  means  rare 
in  the  electrolysis  of  fused  salts,  even  to  an  extent  that  it  can,  on 
the  contrary,  be  considered  exceptional  only  when  the  electrolysis 
takes  place  according  to  Faraday's  laAv.  To  illustrate  this  asser- 
tion, which  is  here  made  in  a  broad  and  general  way,  let  us  con- 
sider the  electrolysis  of  chloride  of  lead,  a  case,  which  even  Fara- 
day had  studied.  (PJtil.  Trans.,  London,  1834;  Pogg.  Ann.  d. 
Phys.,  Vol.  33,  p.  481,  1834;  Qstivald  Klass.,  No.  86,  pp.  42,  44, 
65,  90,  92;  No.  87,  pp.  78,  86,  119,  148),  and  which  he  used  for 
the  proof  of  the  law  named  after  him.  He  succeeded  in  proviag 
the  validity  of  his  law  when  applied  to  fused  salts  also,  only  by 
using  a  device  which,  in  view  of  the  conditions  of  those  days,  must 
be  considered  ingenious.  Faraday  used  for  the  cathode  melted  lead, 
into  which  metal  the  carbon  electrode  was  dipped.  He  thus  avoided 
all  tliose  accompanying  interfering  phenomena  and  the  influences 
tending  to  lower  the  current  eflficiency,  which  are  to  be  mentioned 
later  on. 

When  fused  chloride  of  lead  is  electrolyzed,  for  instance,  in  a 
V-tube,  it  is  not  a  matter  of  indifference  whether  a  salt  is  util- 
ized which  has  already  been  used  in  electrolysis,  or  whether  en- 
tirely new  chloride  of  lead  is  eraplo3'ed.  In  the  former  case  one 
will  alwa^'s  obtain  by  quantitative  measurements  more  constant 
values  than  with  fresh  cliloride  of  lead.  The  explanation  of  this 
fact  will  be  given  l)elow.     When  the  electrolysis  has  been  carried 
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on  for  a  sufficient  length  of  time  between  carbon  electrodes  at 
temperatures  between  600  and  700  deg.  C,  the  cathode  space  has 
a  dark  color,  while  the  anode  space  is  yellow  and  clear,  especially 
where  the  chlorine  is  developed.  A  black  mist  (Schliere)  forms 
over  the  deposited  lead  regulus  toward  the  anode,  which  mist  is 
again  destroyed  by  the  chlorine.  This  mist  does  not  consist  of 
mechanically-loosened  particles  of  carbon,  but  is  a  real  metallic 
mist  or  fog.  If  the  salt  is  heated  to  a  higher  or  lower  temperature, 
the  anode  space  as  well  as  that  of  the  cathode  will  become  a  yel- 
low-red ;  a  layer  of  blask  mist  will  then  still  appear,  but  only  di- 
rectly above  the  regulus.  By  using  a  high-current  density  in  the 
electrolysis,  continuous-glow  phenomena  appear  at  the  anode,  which 
are  particularly  troublesome  in  measuring  the  polarization  and 
other  values.  The  current  then  suddenly  sinks  to  zero,  the  voltage 
between  the  terminals  increases,  and  the  carbon  electrode  begins  to 
glow  intensely.  A  sort  of  spark  discharge  takes  place  over  the 
whole  surface  of  the  carbon  anode  submerged  in  the  fused  electro- 
lyte," and  it  has  the  appearance  as  though  the  anode  surface  was 
going  to  be  lifted  off  the  rest  of  the  electrolyte  by  means  of  an 
opaque  gaseous  stratum.  A  sound  accompanies  this  phenomenon 
resembling  that  of  an  induction  apparatus  of  law  power.  A  me- 
chanical shaking  of  the  anode  is  sometimes  sufficient  to  cause  this 
glowing  at  the  anode  to  disappear,  while  sometimes  it  disappears 
by  itself.  This  phenomenon  of  the  glowing  of  the  anode  was  first 
observed  by  E.  Lorenz  (Zeit.  Anorg.  Chem.,  Vol.  10,  p.  78,  1895), 
later  by  Minet,  yihen  he  electrolyzed  fused  aluminum  chloride;  by 
Hulin  in  electrolyzing  a  fused  mixture  of  sodium  chloride  and  lead 
chloride  {Zeit.  f.  Angeiv.  Chem.,  1897,  p.  494)  ;  also  by  Gross  (Elec- 
trochem.  Zeit.,  Yo\.  4,  p.  1;  Zeit.  f.  Electrochem.,  Vol.  3,  p.  486, 
1897)  ;  and  by  Alexander  in  the  electrolysis  of  a  mixture  of  silver 
chloride  and  silver  sulphide  (Zeit.  f.  Electrochem.,  Vol.  5,  p.  93, 
1898).  This  phenomenon  was  observed  in  the  electrochemical  lab- 
oratory of  Zurich  by  V.  Czepinski  (Zeit.  Anorg.  Chem.,  Vol.  19, 
p.  245,  1899).  He  could  observe  the  same  phenomenon  very  fre- 
quently in  the  electrolysis  of  fused  cadmium  chloride,  but  only 
rarely  in  the  electrolysis  of  the  bromides  of  lead  and  silver.  A 
fully  satisfactory  explanation  of  this  phenomenon  does  not  exist. 
It  is  always  referred  back  to  a  transition  resistance,  caused  by  a 
layer  of  vapor  around  the  anode,  so  that,  at  this  electrode,  the 
phenomenon  of  the  Wehnelt  interruptor  takes  place. 
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Let  US  return  to  the  above-mentioned  phenomenon  of  the  metal- 
lic mist,  the  nature  of  which  is  not  clear  without  further  elucida- 
tion. It  might  be  a  case:  1),  Of  a  real  solution  of  the  metal  in 
its  fused  lialoid  salts;  or  2),  of  a  mere  pulverization  of  it  in  sus- 
pension. In  the  latter  case  the  metal  would  be  mechanically  sus- 
pended in  the  melted  mass  in  the  form  of  an  extremely  fine  mist. 
This  phenomenon  is  dependent  to  a  high  degree  on  the  temperature 
and  the  vapor  tension  of  the  metal,  respectively.  With  the  more 
volatile  metals  it  occurs  at  a  lower  temperature  than  with  those 
that  are  volatized  with  more  difficulty.  The  extension  of  the  col- 
ored mass  in  the  fused  bath  is  also  dependent  on  the  temperature, 
so  that  the  appearance  is  quite  like  that  of  diffusion.  It  is  clear 
that  such  a  phenomenon  must  have  a  most  important  influence  on 
the  current  efficiency;  and  this  applies  to  all  the  haloid  salts  of 
heavy  and  the  light  metals,  when  electrolyzed  in  the  fused  state. 

The  author  has,  in  co-operation  with  A.  Helfenstein,  studied  these 
relations  quantitatively  for  an  entire  series  of  fused  salts  (Zeit. 
Anorg.  Cliem.,  Vol.  23,  p.  255.  1900).  The  chief  results  of  tliese 
researches  will  be  set  forth  below.  The  phenomenon  of  the  mist 
can  be  produced  more  or  less  distinctly  according  to  the  tem- 
perature; at  higher  temperatures  these  mists  appear  and  fill  the 
melted  masses  more  and  more;  at  lower  temperatures  they  con- 
dense, sink  to  the  bottom,  and  the  bath  becomes  clearer.  The  me- 
tallic mist  which  is  thus  produced  has  for  most  metals  a  very 
oharacteristic  color;  the  zinc  mist  is  colored  a  silver-white,  the 
cadmium  mist  is  fawn-colored,  the  lead  mist  brown-black,  the 
silver  mist  completely  black.  The  author  has,  together  with 
G.  Auerbach,  made  experiments  {Zeit.  Anorg.  Chem.,  Vol.  28,  p.  41, 
1901),  which  makes  plausible  the  assumption  that  a  real  solution 
of  metals  in  fused  salts  may  exist.  This  solubility  of  the  metals  in 
the  fused  baths  may,  perhaps,  have  some  connection  with  a  second 
phenomenon,  which  often  follows  in  joint  action  with  light  rays 
and  is  especially  noticeable  with  the  iodides.  It  can  be  expressed 
by  the  following  equation : 

II 
nM  I,=  (71—1)  M  /,+  M  +  /,. 
metallic  solution 

Traces  of  the  halogen  accordingly  escape  without  the  influence  of 
the  oxygen  or  the  bmnidity  of  the  air,  and  there  remains  a  saturated 
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solution  of  the  metal  in  the  fused  hath.  In  a  paper  read  before  the 
Seventli  General  Meeting  of  the  German  Electrochemical  Society 
(Zeit.  f.  Electrochemie,  Vol.  7,  p.  281,  1900),  the  author  referred 
to  the  similarity  hetween  the  relations  existing  here  and  the  forma- 
tion of  the  latent  picture  of  a  photographic  plate.  The  phenomenon 
of  the  metallic  mist  has  been  made  the  subject  of  sul)sequent  re- 
searches, and  in  a  recently-published  paper  by  S.  Gruenauer  {Zeit. 
Anorg.  Chem.,  Vol.  39,  p.  389,  1904)  the  same  was  even  photo- 
graphically recorded  under  particularly  favorable  conditions  of  the 
experiment.  By  means  of  a  strong  sidelight  one  clearly  discerns 
the  innumerable  fine  and  minute  drops  of  which  the  phenomenon 
of  the  mist  is  composed. 

The  formation  of  the  metallic  mist  in  the  fused  baths  has  been  ob- 
served repeatedly  in  practice.  See,  for  instance,  F.  Haber's  report 
on  the  formation  of  metallic  mists  in  the  Hall  aluminum  process 
(Zeit.  f.  Electrochemie,  Vol.  9,  p.  361,  1903),  but  they  have  fre- 
quently been  connected  with  the  formation  of  a  subchloride,  or 
have  even  been  confounded  entirely  with  it.  For  the  reguline  de- 
])Osit  of  metals  from  fused  salt,  the  phenomenon  of  the  metallic 
uiist  is  very  important,  because  such  a  deposit  results  only  when  the 
saturation  of  the  fused  bath  with  the  metal  is  reached,  or  nearly  scr. 
Tn  the  deposition  of  metals  the  fused  masses  act  as  depolarizers  on 
the  cathode,  which  has  as  the  further  consequence  that  the  solution 
[pressure  of  the  reguline  metal  cannot  be  reached  during  the  first 
phases  of  the  electrolysis,  nor  Ijy  using  very  low-current  densities. 
When  the  metallic  solutions  and  the  metallic  mist  reach  the  sphere 
of  the  anode,  they  themselves  will  again  act  as  depolarizers  upon  the 
halogen  deposited  there,  as  they  prevent  the  formation  of  free  halo- 
gens. This  doubly-acting  dejiolarizing  force  can  rise  to  very  high 
values.  This  may  also  be  expressed  scientifically  in  the  following 
Avay :  An  electrolytic  cell  filled  with  a  melted  salt,  in  the  electrolyte 
of  which  diffusion  and  thermal  eddy  currents  can  take  place  freely 
from  the  cathode  to  the  anode,  represents  an  electrolytic  system  of 
exceptionally  high  "  residua'l  current"  ("  Eeststrom  ")  capacity. 
The  residual  current,  that  is.  the  current  whose  direction  is  op- 
posed to  the  polarization,  originates  from  the  metallic  mist  formed 
at  the  cathode,  wandering  toward  the  anode,  where  with  the  de- 
posited anions  it  regenerates  the  original  product  by  chemical 
reunion.  The  rapidity  (intensity?)  of  this  residual  current  depends 
upon  the  rapidity  of  the  movement  of  the  metallic  mist  through  the 


160  LOREXZ:     ELECTROLYSIS  OF  FUSED  SALTS. 

electrolyte,  on  the  rapidity  of  the  reformation  of  the  metallic  mist  at 
the  cathode,  and  on  the  rapidity  of  the  recombination  with  the  depos- 
ited anion.  But  the  rapidity  of  the  deposition  of  the  cathions  and 
anions  is  determined  by  the  current  strength  used  in  the  electroly- 
sis. When  this  current  strength  is  great,  the  rapidity  of  the 
deposition  will  exceed  the  rapidity  of  the  residual  current  and  a 
practical  result  of  the  electrolysis  is  obtained.  When,  on  the  other 
hand,  the  current  strength  is  small,  the  residual  current  phenome- 
non may  predominate  to  such  a  degree  that  a  result  of  the  elec- 
trolysis cannot  be  noticed.  Then  will  arise  the  phenomenon  of  a 
pseudo-metallic  conduction  of  electricity  in  the  fused  salts.  These 
few  paragraphs,  which  are  the  results  of  our  researches  extending 
over  3ears,  form  the  basis  for  the  understanding  of  the  electrolysis 
of  fused  salts. 

Another  series  of  phenomena  present  themselves  to  us  when  we 
consider,  for  instance,  the  electrolysis  of  fused  chloride  of  zinc. 
There  are  two  kinds  of  zinc  chloride  on  the  market,  the  one  yield- 
ing good,  the  other  poor,  results,  when  electrolyzed ;  their  empirical 
differences  were  establislied  by  E.  Lorenz  (Zcit.  Anorg.  Chem., 
Vol.  10,  p.  78,  1895),  and  later  on  by  E.  Lorenz  in  co-operation  with 
.H.  S.  Schultze  {Zeit.  Anorg.  Chem.,  Vol.  20,  p.  323, 1899).  By  the 
aid  of  the  researches  of  S.  Gruenauer  (Zeit.  Anorg.  Chem.,  Vol.  39, 
p.  389,  1904),  the  author  succeeded  in  clearly  explaining  the  ap- 
parently very  complicated  relations  of  the  electrolysis  of  fused 
chloride  of  zinc.  The  electrolysis  of  the  above-mentioned  two  kinds 
of  zinc  chloride  differ  greatly  from  each  other.  The  kind  of  zinc 
chloride  which  is  easy  to  electrolyze  yields  gas  from  the  moment  of 
the  turning  on  of  the  current  at  the  anode,  as  well  as  at  the  cathode, 
without  giving  rise  to  a  turbidity  of  the  electrolyte,  which  will  be 
described  below.  Ilydrochloric  acid  alone  escapes  at  the  beginning 
of  the  electrolysis,  while  chlorine  appears  only  gradually.  The 
deposition  of  zinc  begins  at  once  on  closing  the  current,  but  it 
was  shown  that  the  deposited  zinc  is  dissolved  at  once  after  its 
deposition  in  the  strongly  acid  electrOlvte,  consequently,  as  a  rule, 
the  amount  of  deposited  zinc  varies  considerably  at  the  beginning  of 
the  electrolysis.  By  the  time  the  deposition  of  zinc  Ix^comcs  regu- 
lar, the  strong  evolution  of  chlorine  has  already  begun,  and  the 
electrolysis  from  now  on  proceeds  "  normally."  Such  a  normal  elec- 
trolvsis  is.  however,  not  observed  with  the  kind  of  zinc  chloride 
which  does  not  electrolvze  well.    With  this  kind  the  electrolvte,  even 
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after  only  a  few  minutes,  appears  filled  witli  on  opaque  mass. 
Hydrogen  is  also  developed  at  the  cathode  in  this  case,  the  deposi- 
tion of  zinc  hegins  immediately  on  closing  the  circuit,  and  at  the 
anode  chlorine  is  at  once  developed,  instead  of  hydrochloric  acid, 
as  with  the  kind  which  yields  good  results.  The  intense  cracking  at 
the  anode  on  closing  the  circuit  is  quite  striking.  It  always  occurs 
during  the  electrolysis  of  fused  basic  electrolytes,  and  is  due  to  the 
pulverization  of  the  carbons.  This  noise,  however,  ceases  before 
the  cathodic  evolution  of  gas,  and  it  is  entirely  absent  in  the 
presence  of  quantities  of  water.  The  anodic  carbon  electrodes  are 
rapidly  attacked  and  flow  down  in  the  form  of  a  brown  substance. 
Blue  clouds  rise  at  the  cathode  making  the  electrolyte  impure;  the 
electrolyte  simultaneously  becomes  opaque  by  the  precipitation  of 
Zn(OH)y.  This  substance  is  shown  to  be  zinc  dust  formed  through 
a  pyrochemical  process  in  a  fused  bath.  The  current  can  be  sent 
for  hours  through  such  an  electrolyte  which  has  thus  been  made  im- 
pure by  zinc  dust,  without  making  it  transparent.  The  electrolyte 
has  a  blue-gray  color,  until  finally  the  turbidity  begins  to  settle 
again.  The  carbon  cathode  mostly  shows  a  tree-like  outgrowth  of  a 
grey  appearance,  the  zinc  regulus  itself  is  quite  covered  with  the  de- 
posited substance.  This  deposited  substance  is,  as  mentioned  before, 
zinc  dust,  a  mixture  of  zinc  oxide  or  zinc  hydroxide  with  finely- 
powdered  zinc.  It  is  due  to  the  fact  that  zinc  oxide  is  set  free  by 
the  electrolysis  of  an  electrolyte  of  zinc  chloride  containing  water, 
and  the  metal  mist  of  zinc  is  condensed  on  it  by  surface  action. 

The  kinds  of  zinc  chloride  of  commerce,  which  may  be  electro- 
lyzed  with  good  results,  contain  salammoniac,  while  the  other  kinds 
are  free  from  all  impurities.  The  latter  may  be  changed  into  the 
former  by  first  evaporating  it  to  dryness  with  a  concentrated  aqueous 
solution  of  hydrochloric  acid,  stirring  constantly,  and  tlten  melt- 
ing it  in  a  porcelain  crucible.  How,  then,  may  the  problem  be 
solved  to  efi'ectuate  a  normal  electrolysis  of  quite  pure  fused  zinc 
chloride,  when  the  kind  containing  salammoniac  is  the  only  one 
yielding  good  results?  Tjorenz  and  Gruenauer  investigated  this 
problem,  first  by  making  up  different  mixtures  of  chloride  of  zinc 
and  salammoniac  and  finding  the  results  obtained  by  their  electrol}^- 
sis.  It  was  thereby  discovered  that  the  power  of  the  salammoniac 
to  give  off  its  moisture  is  only  an  incomplete  one,  and  is  also  so 
dependent  on  adhering  to  certain  definite  conditions  in  the  prepara- 
tion of  the  electrolvte,  that  for  this  reason  alone  the  addition  of 
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salamraoniac  cannot  be  considered  a  good  means  for  bettering  the 
conditions  of  the  electrolysis  of  fused  chloride  of  zinc.  Instead 
of  water  one  has  salammoniac  in  the  bath,  which  has  to  be  re- 
moved electrolytieally,  as  set  forth  above,  before  normal  electrol- 
ysis takes  place.  It  escapes  in  the  form  of  hvdrochloric  acid  and 
nitrogen.  The  disturbing  phenomena  which  appear  in  the  electrol- 
ysis of  fused  zinc  chloride  depend  on  the  fact  that  the  water 
present  in  the  fused  bath  brings  about  hydrolysis,  as  shown  in 
the  following  equations : 

ZnCL-\-2H,0=Z)i  ( OH )  .,+2HCl, 

OH 
ZnCL+H,0=Zji  HCl, 

CI 
2ZnCl,-\-HM=Zn,OCI.,+2HCl 
(7i-\-l)ZnCl._,-{-nHM=ZnCL-\-nZnO-\-2nHCl. 

The  last  equation  expresses  the  formation  of  any  zinc  oxychloride. 
It  is  not  unimportant  for  the  electrolytic  process  which  of  these 
different  hydrolytic  separations  a:ctually  prevails;  for  this  case  the 
above  equations  may  be  divided  into  two  classes,  namely,  one  in 
which  the  basicity  of  the  bath  is  determined  chiefly  by  the  entrance 
of  atoms  of  oxygen  to  the  fused  mass;  the  other,  in  which  the 
basicity  originates  from  OH  groups  wjiich  can  be  split  ofi'  as  OH 
ions.  Numerous  observations  during  the  electrolysis  of  fused 
salts  have  led  the  author  to  the  opinion  that  carbon  anodes  in 
particular  arc  attacked  by  OH  ions  in  a  different  way  than  by 
fused  baths  containing  oxygen.  The  attack  of  the  carbons  in  fused 
alkaline  hydrates  takes  place  with  the  formation  of  mellith  acid 
products,  while  the  discharge  of  o.xj'gen  disintegrates  the  carbon 
rod  into  splinters  of  carbon  during  the  formation  of  CO  and  COo. 
What  the  character  of  the  hydrolysis  is  with  zinc  chloride  could 
not  yet  be  determined.  It  must,  at  any  rate,  go  back  to  the  law  of 
mass  action  when  hydrochloric  acid  is  added.  This  was  the  point 
of  view  from  which  the  above  question  could  Idc  answered.  Lorenz 
and  Gruenauer  for  this  reason  turned  their  efforts  toward  the 
drying  of  the  zinc  chloride  by  means  of  hydrochloric  acid  gas, 
and  thus  obtained  the  actual  material  ZnCl._,  in  a  convenient  state 
for  electrolysis,  when  certain  specific  conditions  were  observed  (the 
time  of  drying;  the  velocity  of  the  drying  gas  current  passing 
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through  the  concGiitratcd  solutions  of  chloride  of  zinc;  the  form 
of  the  apparatus).  The  carrying  out  of  these  experiments  neces- 
sitated the  construction  of  a  special  apparatus,  the  "  dehydrati- 
sator."  It  could  Ix)  shown  that  even  less  than  0.78  per  cent  of 
water  is  sufficient  to  make  a  zinc  chloride  bath  yield  poor  results  b^ 
electroljsis.  The  electrolysis  of  zinc  chloride  thus  completely  freed 
from  water  and  acid  will  then  proceed  noriTially. 

It  has  been  shown  by  two  examples,  chloride  of  lead  and  chloride 
of  zinc,  what  surprising  phenomena  may  take  place  in  the  electrol- 
ysis of  fused  salts.  The  one  salt,  being  absolutely  free  from  water, 
shows  by  electrolysis  in  the  fused  state,  the  existence  of  only  such 
interferences  as  arise  through  the  residual-curient  phenomenon ; 
the  other  salt,  which  is  hygroscopic,  and  from  which  the  last  traces 
of  water  cannot  be  removed  even  by  heating  for  hours  at  a  red 
heat,  is  subject  to  interferences  due  to  basicity  of  the  electrolyte. 
But  even  when  the  causes  of  the  latter  are  removed  by  a  proper 
preparation  of  the  salt  before  it  is  electrolyzed,  the  electrolyte  thus 
obtained  will  nevertheless  still  be  subject  to  the  interferences 
caused  by  the  residual-current  phenomenon.  TJiere  are  thus 
clearly  and  distinctly  separated  from  each  other  two  phenomena 
which  occur  in  manifold  combination  in  the  electrolysis  of  fused 
salts,  and  which  can  be  so  complicated  that  it  was  formerly  con- 
sidered impossible  to  carry  out  the  electrolytic  process  with  fused 
salt  in  a  proper  way  and  with  a  purpose,  except  by  experience 
gained  purely  empirically. 

On  the  Application  of  Faraday's  Law  in  the  Electrolysis 
OF  Fused  Salts. 
A  quantitative  treatment  of  the  electrolysis  of  fused  salts  is 
possible  only  when  the  above-mentioned  disturbances  are  care- 
fully taken  into  consideration.  The  disturbances  which  are  pro- 
duced by  the  basicity  of  the  electrolyte  may  be  avoided  if  care 
is  taken  to  make  adequate  preparation  for  the  fusion.  These  dis- 
turbances, however,  which  are  produced  by  the  residual-current 
phenomenon  and  the  development  of  the  metallic  mist,  first  had 
to  be  subjected  to  a  special  investigation  in  order  to  determine  the 
precise  facts.  Hereupon  the  researches  of  the  author,  in  conjunc- 
tion with  A.  Helfenstein,  give  information  .(Zet7.  Anorg.  Chem., 
Vol.  23,  p.  255,  1900).  These  may  be  briefly  stated  as  follows: 
The  residual-current  phenomenon,  produced  by  the  development 
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and  migration  of  the  metallic  mist  in  the  electrolysis  of  fused 
salts,  has,  as  a  consequence,  that  the  quantities  liberated  at  the 
electrodes  are  not  developed  in  conformity  with  Faraday's  law. 
The  current  efficiency  does  not  reach  100  per  cent,  but  is  less. 
Now  all  causes  which  tend  in  the  direction  to  make  the  rapidity  of 
deposition  become  large  with  res})ect  to  the  rapidity  of  recom- 
bination of  the  deposited  ions,  due  to  the  residual-current  phenom- 
enon, tend  to  produce  an  increase  in  the  current  efficiency.  One 
of  these  causes  is  current  strength.  If,  in  a  given  apparatus,  the 
current  strength  is  steadily  increased,  then  the  current  efficiency 
rises  at  constant  temperature. 

Numerous  numerical  demonstrations  and  curve  sheets  which  were 
collected  by  Helfenstein  for  the  electrolysis  of  quite  different  fused 
salts  demonstrate  the  above-mentioned  fact.  Another  cause  of  this 
is  the  form  of  the  apparatus,  its  dimensions,  and  the  position  of  the 
electrodes.  When  the  paths  in  the  apparatus  are  great,  and  the 
breadth  is  small,  the  thermic  eddies  which  drive  the  metallic  mist 
from  the  cathode  to  the  anode  will  have  a  weaker  action  than  when 
the  path  from  one  electrode  to  the  other  is  short,  and  when  the 
electrodes  face  each  other  with  large  surfaces.  Consequently,  the 
rapidity  of  recombination  will  be  diminished  for  a  given  current 
and  the  current  will  increase.  If.  for  instance,  the  distance  between 
the  electrodes  is  increased  more  and  more  in  an  experiment  in  a 
given  V-tube,  the  current  efficiency  will  increase  at  constant  current 
strength  and  constant  temperature.  A  further  cause  is  the  tem- 
perature. An  increase  oP  the  temperature  increase's  the  formation 
of  the  metallic  mist,  the  solubility  of  the  metal  in  the  bath,  and  also 
tlu'  thermic  eddy  movem.ents.  Consequently,  the  current  efficiency 
will  diminish  for  a  given  apparatus  and  constant  current  strength 
with  increasing  temperature.  This  occurs  very  rapidly  so  that  the 
electrolyte  strives  toward  a  condition  of  pseudo-metallic  conduc- 
tion in  such  experiments  also.  These  principles  appear  to  me  to 
be  extremely  important  for  the  rational  carrying  out  of  industrial 
processes  with  fused  salts.  They  give  us  clear  indications  for  the 
construction  of  apparatus,  for  the  choice  of  current  density,  tem- 
perature, etc. 

But  there  are  also  specific  causes  of  the  increasing  of  the  forma- 
tion of  metallic  mists.  One  of  these  is  the  volatility  of  the  metal. 
The  nearer  the  metals  are  heated  to  their  boiling  point,  the  greater 
is  their  vapor  tension,  and  the  more  will  they  tend  to  form  metallic 
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mists.  If,  therefore,  we  deposit  in  similar  apparatus,  at  the  same 
constant  temperature  and  Avith  the  same  current  strength,  first 
cadmium  and  then  lead,  the  current  efficiency  v/ill  be  less  for  the 
cadmium  electrolysis  than  for  the  lead  electrolysis,  because  the 
former  metal  is  heated  nearer  to  its  boiling  point.  Moreover,  there 
are  added  several  other  specific  losses  to  those  Avhich  are  deter- 
mined by  the  r'^sidual  current.  These  are  dvie  to  the  fact  that 
the  metallic  mist  can  reach  the  surface  of  the  bath.  There  it  can 
be  oxidized  by  the  oxygen  of  the  air,  or  when  there  is  no  oxygen  the 
mist  diffuses  out  from  the  bath  and  deposits  itself  on  the  walls  of 
the  vessels  as  a  distillate.  The  solubility  of  the  metals  in  tlie  bath 
is  also  different,  a  fact  which  ought  to  be  considered  in  quantitative 
experiments.  After  these  disturbances  were  studied  so  carefully,  it 
became  possible  to  avoid  them.     The  most  complete  avoidance  of 


Fig.  1. —  Encasixg  APPARATUS. 

these  disturbances  would  consist  in  preventing  the  formation  of 
the  metallic  mists. 

The  author,  together  with  Appleberg,  made  the  remarkable  ob- 
servation that  there  are  ^substances  which,  when  added  to  the 
fused  bath,  almost  completely  prevent  the  formation  of  the  metal- 
lic mists'.  Owing  to  this  observation  there  is  opened  an  entirely 
new  sphere  in  the  theory  of  such  auxiliary  additions  to  the  baths, 
which,  as  is  well  known,  are  so  important  in  the  industrial  electrol- 
ysis of  fused  salts.  Who  does  not  know  how  important  the  com- 
position of  an  aluminum  bath  is  for  the  current  efficiency  in  this 
process.  Formerly  it  was  believed  that  these  additions  served 
chiefly  for  the  regulation  of  the  fusion  point  and  of  the  specific 
gravity  of  the  fused  electrolyte.  To-day  we  know  that  under  cer- 
tain conditions  they  may  be  credited  with-  a  direct  effect  on  the 
improvement  of  the  current  efficiency.  But  it  is  not  always  pos- 
sible to  accomplish  the  desired  results  by  additions  to  the  bath. 
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It  remains  then  onl}'  to  prevent  the  diffusion  of  the  metallic 
mist.  The  author,  together  with  Helfenstein,  found  that  the 
nature  of  tlie  metallic  mists  is  such  that  they  cannot  penetrate 
through  dia])hragms  of  chiy  (Tondiaphragmen).  The  mists  may 
also  he  kept  together  by  encasing  the  surroundings  of  the  elec- 
trodes. This  is  done  by  the  application  of  the  "  encasing  apparatus  " 
used  by  Helfenstein. 

The  arrangement  of  this  apparatus  is  as  follows  (see  Fig.  1)  : 
Tlie  carbon  cathode  is  first  put  into  a  closely-fitting  case  of  highly- 
infusible  glass,  which  project*,  out  over  the  end  of  the  V-tube.  At 
the  lower  end  of  this  case  the  carbon  projects  about  5  mm.  The 
electrode,  insulated  in  this  way,  is  now  placed  into  a  highly-infusi- 
ble test-tube  of  13  mm  internal  diameter,  which  is  provided  with 
a  round  hole  (designated  by  L  in  the  figure)  3  mm  in  diameter  at 
a  distance  of  45  mm  from  the  bottom.  The  purpose  of  this  hole 
is  to  establish  communication  between  the  space  in  the  V-tube  and 
that  around  the  anode.  The  test-tube,  together  with  the  insulated 
electrode,  is  placed  in  the  cathode  branch  of  the  V-tube.  The 
hole  in  the  test-tube  is  turned  upward,  so  that  the  fused  bath  can 
circulate  freely.  The  anode  carbon  is  similarly  encased  wdth  the 
exception  of  a  few  changes  occasioned  by  the  functions  of  the 
anode.  As  the  halogen  must  escape  from  the  bath  into  the  air,  a 
carbon  electrode,  2  mm  diameter,  is  first  placed  into  a  glass  tube 
8  mm  inner  diameter,  and  this  again  into  a  test-tube  similar  to 
that  for  the  cathode;  the  diameter  of  tlie  latter  is  about  15  mm. 
The  hole  is  only  40  mm  from  the  bottom ;  the  inner  glass  tube,  in 
which  the  anode  lies  freely,  is  broken  off  at  the  lower  end  into  two 
teeth,  so  that  it  cannot  rest  wholly  on- the  bottom  of  the  reagent 
glass  and  disturb  the  communication  between  the  anode  and  the 
cathode  spaces.  Tlie  encased  anode  rests  with  its  case  upon  the 
case  of  the  cathode. 

In  this  apparatus  Faraday's  law  is  fulfilled  under  all  conditions, 
so  that  one  now  is  wholly  independent  of  current  strejngth,  tem- 
])orature,  distance  between  electrodes,  and  the  duration  of  the 
electrolysis.  In  the  use  of  this  apparatus  the  above-cited  condi- 
tions for  the  adequate  separation  of  anode  and  cathode  spaces 
are  fulfilled.  One  will  be  independent  of  the  variations  due  to  the 
solubility  of  the  metals  in  their  baths,  by  previously  saturating  the 
bath  with  the  proper  metals  at  the  temperature  at  which  the  electrol- 
ysis takes  place. 
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The  diffusion  of  tlie  metal  vapors  into  the  air  is  avoided  by  allow- 
ing the  surface  of  the  bath  in  the  cathode  branch  to  freeze.  There 
will  then  be  obtained  almost  quantitative  current  efficiencies,  as 
is  shown  by  the  following  curve  sheet,  Fig.  2  : 


80 


tiuo  'ioo  tioo         "      yoo 

Fig.  2. —  Effect  op  inclosing  the  electrodes. 


The  current  strength  was  the  same  for  both  curves.  The  figures 
which  were  obtained  for  the  outputs  at  different  temperatures  are : 
560  deg.,  99.5  per  cent;  600  deg.^99.3  per  cent;  700  deg.,  98.5  per 
cent;  800  deg.,  97.8  per  cent;  860  deg.,  9G.8  per  cent.  By  taking 
into  account  the  errors  which  still  remain  in  this  apparatus  (namely, 
that  the  metallic  mist  vaporizes  in  the  cathode  space  from  the 
surface  of  the  bath  into  the  air  and  deposits  again  as  metallic  lead 
in  the  tubes),  and  adding  to  the  result  the  losses  thus  obtained, 
one  will,  in  fact,  obtain  the  maximum  output  of  99.98  per  cent, 
whereby  the  fulfillment  of  Faraday's  law  seems  to  be  proved.  The 
only  disadvantage  found  in  working  with  this  encased  apparatus 
is  that  the  bath  has  a  high  resistance.  By  the  use  of  clay  dia- 
phragms it  is  possible  to  avoid  even  this  disadvantage  without 
interfering  with  the  quantitative  results.  In  this  case  also  outputs 
up  to  99  per  cent  are  obtained  so  that  the  rest  is  to  be  regarded  as 
loss  by  diffusion  to  the  outside  at  corresponding  temperatures. 

After  it  was  thus  proved  by  these  researches  that  Faraday's  law 
is  fulfilled  in  the  electrolysis  of  fused  salts  when  the  disturbances 
which  are  caused  by  the  residual  current  are  avoided,  it  was  alsQ 
proved  thereby  that  the  figures  for  the  current  efficiencies,  which 
are  obtained  in  the  electrolysis  of  fused  salts  ivithout  avoiding  the 
residual  current,  were  conditioned  only  by  the  residual  current,  and 
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that  there  are  no  other  causes.  Now  since  this  residual  current. 
as  was  shown  above,  can  be  clearly  defined,  the  idea  suggested  itself 
that  it  ought  to  be  possible  to  represent  its  effect  quantitatively. 
The  relations  between  rapidity  of  the  deposition  and  that  of  the  re- 
combination had  to  be  like  that  of  some  well-defined  mechanism. 
That  this  is,  in  fact,  the  case  the  author  was  able  to  show  in  co- 
operation with  A.  Appelberg  (Zeit.  Anorg.  Chem.,  Vol.  36,  p.  36. 
1903).  If  in  a  given  apparatus  the  current  strength  is  allowed  to 
fall,  the  current  efficiency  falls.  Finally,  a  point  vrill  be  found 
where  the  rapidity  of  deposition  becomes  exactly  equal  to  that  of  re- 
combination. The  current  efficiency  curve,  when  plotted  as  a  func- 
tion of  the  current  strength,  does  not  cut  the  axis  of  abscissas  at 
the  zero  point  of  the  system  of  co-ordinates.  We  obtain,  then,  no 
apparent  electrolytic  action,  even  without  going  to  zero  with  the 
current  strength.  These  relations  have  already  been  mentioned 
above,  but  it  is  of  interest  that  they  may  be  described  mathemati- 
cally  by  a  formula  which  shows  the  current  efficiency  as  a  function 
of  the  current  strength.     This  formula  is 

a  =  100— -1- 

in  which  n  and  k  represent  constants  of  the  apparatus  and  tempera- 
ture, a  the  current  efficiency,  and  i  the  current  strength.  This 
formula  agrees  so  completely  with  the  observations  that  it  suffices 
to  plot  two  determinations  of  the  current  efficiency  in  an  electrolytic 
trough  and  base  on  them  the  whole  series  of  current  efficiencies  at 
different  current  density  which  one  wishes  to  use  for  electrolysis. 
The  following  may  serve  as  an  example : 


Current 

strength 

in  amperes. 

Obaerved 
efficiency. 

Calculated 
efficiency 
71  =  0.83. 

2 

99.7^ 

99.4^ 

1 

*98.9 

98.9 

0.5 

97.4 

98.0 

0.1 

93.3 

92.6 

0.05 

84.4 

86.8 

0.03 

75.4 

79.8 

0.01 

40.6 

49.7 

0 .  005 

*9.7 

10.6 

The  observations  marked   *   were  used   to  determine  the  con- 
stants.    The  constant  k  is  most  easily  obtained   wlien   the  cur- 
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rent  efficiency  is  determined  at  1  ampere,  for  l-  is  nothing  else 
than  the  loss  of  output  at  this  current  strength. 

An  interesting  apparent  exception  to  the  quantitative  laws  here 
presented,  which  apply  in  general  to  the  electrolysis  of  fused 
salts,  is  the  material  PhL,  the  electrolysis  of  which  in  fused  form 
G.  Auerbach  has  investigated  exhaustively  (Zeit.  Anorg.  Chem., 
Vol.  28,  p.  1,  1901).  Important  variations  in  the  current  efficiency 
take  place  especially  at  700  deg.  To  explain  this,  Faraday  accepted 
the  theory  of  the  formation  of  lead  tetra  iodide.  Auerbach's  re- 
searches, however,  brought  forth  the  fact  that  there  is  no  ground  for 
this ;  the  irregularities  appear  rather  to  be  originally  due  exclusively 
to  the  physical  properties  (solubility  of  the  metal,  diffusion,  etc.), 
with  only  this  difference,  that  these  disturbances  are  increased  in 
the  case  of  lead  iodide.  This  may  have  its  origin  in  the  greater 
solubility  of  the  iodine  in  the  bath,  as  compared  with  chlorine,  and 
seems  to  show  that  the  part  taken  by  the  anions  in  the  disturb- 
ances in  the  electrolysis  of  fused  salts  has  not  yet  been  clearly 
shown. 

It  remains  now  to  consider  the  quantitative  relations  at  the 
anode  in  the  electrolysis  of  fused  salts.  Upon  this  point  Auerbach, 
in  the  Electrochemical  Laboratory  at  Zurich,  found  quantitative 
proofs.  If  a  fused  salt  is  electrolyzed  in  a  given  apparatus,  always 
under  the  same  conditions  as  to  temperature  and  current  strength, 
one  can  be  sure  to  invariably  get  the  same  current  efficiency  for 
the  metal  within  the  limits  of  error.  The  residual-current  phe- 
nomenon presents  itself  so  exactly  that  for  certain  conditions  of 
experiment  there  will  result  a  certain  loss  by  recombining.  It 
should  be  almost  self-evident  that,  as  the  loss  of  metal  arose 
through  a  recombining  with  the  anion,  for  instance  chlorine,  the 
loss  at  the  anode  should  consequently  be  exactly  as  great.  But 
no  one  had  as  yet  determined  the  amounts  which  appear  at  the 
anodes  in  the  electrolysis  of  salts.  So  when  we  began  our  re- 
searches we  were  astonished  to  see  that  the  current  efficiencies 
in  the  electrolysis  of  fused  lead  chloride  were  not  identical  at 
the  cathode  and  at  the  anode.  But  when  the  electrolysis  was  con- 
tinued long  enough  they  became  so.  It  was,  therefore,  shown 
that  there  was  a  time  phenomenon  in  the  current  efficiency  at  the 
anode. 

In  the  first  stages  of  the  electrolysis,  the  current  efficiency  at 
the  anode  for  chlorine  is  lower  than  that  of  the  lead  at  the  cathode, 
and  rises  gradually  up  to  it.    The  excess  of  chlorine  loss  over  the 
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lead  loss  is  due  to  the  fact  that  the  carbon  anode  saturates  itself 
only  slowly  with  chlorine.  As  soon  as  this  saturation  of  the  car- 
bon anode  is  complete,  the  efficiency  of  the  chlorine  becomes  the 
same  as  that  of  the  lead.  Carbon  anodes  which  have  already  been 
used  show  a  more  rapid  rise  in  the  chlorine  efficiency;  an  equality 
of  the  anodic  and  cathodic  efficiencies  is,  therefore,  reached  sooner 
than  with  new  carbon  anodes.  The  process  in  the  electrolysis  of 
fresh  chloride  of  lead  with  weak  currents  is  consequently  under- 
stood to  be  that  a  part  of  the  separated  chlorine  is  absorbed  by  the 
carbon  rod  at  the  beginning  of  the  electrolysis,  and  that  a  further 
part  which  is  equivalent  to  the  loss  in  lead  efficiency  is  regenerated 
to  lead  chloride  by  the  metal  solution,  and  only  the  remainder  es- 
capes as  free  chlorine.  An  addition  of  oxide  of  lead  to  the  chloride 
of  lead  during  the  electrolysis  has  no  effect  on  the  cathodic  efficiency, 
but  on  the  other  hand  no  chlorine  is  disengaged  at  the  anode  and 
the  carbon  rod  becomes  oxidized  by  the  escaping  oxygen.  Electro- 
lytes containing  oxygen  pulverize  the  anode  carbon,  as  has  already 
been  mentioned  above,  while  in  electrolytes  which  are  free  from 
oxygen  the  anode  carbon  is  refractory  toward  chlorine. 

In  what  follows  some  further  information  is  given  on  e.m.f's 
and  polarization. 

E.M.F's  AND  Polarization  in  the  Electrolysis  of  Fused  Salts. 

The  counter  e.m.f's  which  arise  in  the  electrolysis  of  fused  salts 
were  determined  by  E.  Lorenz  together  with  V.  Czepinski  (Zeit. 
Anorg.  Chem.,  Vol.  19,  p.  208,  1899) ;  by  0.  H.  Weber  {Zeit.  Anorg. 
Chem.,  Vol.  21,  p.  305,  1899);  and  by  E.  Suchy  {Zeit.  Anorg. 
Chem.,  Vol.  27,  p.  152,  1901).  They  measured  the  polarization  by 
the  discharge  through  a  galvanometer  of  high  resistance  (method  of 
polarization  discharge),  but  repeatedly  controlled  the  values  thus 
obtained  by  combination  of  chains  of  fused  salts.  In  this  way  there 
were  determined,  among  others,  chains  of  the  type  of  the  Daniell 
cell,  which  will,  however,  not  be  further  considered  here.  It  was 
found  that  the  polarization  was  dependent  on  the  appearance  of 
the  metallic  mist  in  quite  a  similar  way  as  the  current  efficiency  is, 
and,  therefore,  also  on  the  form  of  electrolytic  trough  used.  In  an 
electrolytic  trough  in  which  the  metallic  mist  can  diffuse  from  the 
cathode  to  the  anode,  the  polarization  will  be  less  when  an  appre- 
ciable effect  is  exercised  on  the  anodic  potential  as  soon  as  the 
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metallic  mist  reaches  the  anode.  The  e.m.f.  of  chains  in  which 
the  metallic  mist  reaches  the  anode  appears  to  be  reduced  quite 
considerably  in  contradistinction  to  one  in  which  this  is  not  the 
case.  The  metallic  mists  must  be  considered  as  powerful  depolar- 
izers when  they  arrive  at  the  anode.  This  fact  could  be  observed 
in  an  experiment  with  the  above-described  encasing  apparatus 
(Fig.  1).  As  was  mentioned,  the  anode  and  cathode  are  here  sur- 
rounded by  various  encasing  tubes  of  glass,  so  that  the  respective 
anode  and  cathode  spaces  communicate  only  through  small  holes 
with  the  main  mass  of  electrolyte  which  acts  as  an  intermediate 
space.  If  one  observes  in  such  a  trough,  which  is  filled  for  instance 
with  fused  chloride  of  lead,  the  polarization  discharge  by  means  of 
a  galvanometer  of  liigh  resistance  (galvanometric  voltmeter)  after 
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Fig.  3. —  Poiaeization  cxjbve. 

the  electrolysis  has  proceeded  for  some  time,  the  curve  thus  ob- 
tained will  have  the  form  of  a  discharge  curve  of  an  accumulator. 
There  will  be  observed  in  the  galvanometer  a  long  continuing, 
constant  deflection  of  about  1.2  volts  at  about  600  deg.  C.  which 
then  gradually  diminish  when  the  electrodes  become  poor  in  polar- 
izing material.  If  the  anode  branch  of  the  tube  is  kept  completely 
filled  with  chlorine  gas  and  is  protected  from  the  atmosphere,  such 
a  deflection  may,  under  circumstances,  last  for  hours.  When  the 
system  has  been  in  a  complete  state  of  repose  for  so  long  a  time,  it 
can  happen  that  a  cloud  (Schliere)  of  metallic  mist  flows  out  of 
the  hole  in  the  encasing  around  the  cathode.  This  cloud  then 
spreads  out  gradually  into  the  middle  space  of  the  electrolyte  and 
in  spreading  out  in  various  directions  it  also  extends  to  the  hole  in 
the  case  around  the  anode.  But  from  the  anodic  hole  a  more  or 
less  thick  cloud  then  by  chance  flows  down  into  the  anode  space. 
Vol.  11  —  12 
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All  these  processes  have  np  to  this  point  no  effect  on  the  steady  and 
completely  stable  position  of  the  galvanometer  needle.  But  at  the 
moment  when  the  cloud  of  metallic  mist  in  its  wanderings  arrives 
at  the  carbon  rod  anode,  and  touches  it,  the  deflection  of  the  gal- 
vanometer will  fall  suddenly  almost  0.6  to  0.8  volt,  and  the  needle 
will  swing  to  and  fro  with  irregularity.  Simultaneously  the  clcud 
in  the  anode  space  will  be  seen  to  become  pale;  it  becomes  con- 
sumed under  the  influence  of  the  contact  action  of  the  pole  by  the 
chlorine  present  there,  that  is.  it  is  changed  into  chloride  of  lead. 
In  order  now  to  prevent  a  further  crowding  of  the  metallic  mist 
into  the  anode  space  one  could  cut  off  the  cloud  up  at  the  cathode 
hole  by  slightly  turning  the  encasing  tube,  so  that  the  hole  is 
placed  in  a  clear  part  of  the  electrolyte  which  is  free  from  the 
mist.  The  turning  of  the  encasing  tube  has  no  effect  on  the  gal- 
vanometer deflection,  but  the  mist  which  is  there  then  becomes  com- 
pletely clear  due  to  the  excess  of  chlorine  in  the  anode  space,  and 
the  electrolyte  again  becomes  as  before,  honey-yellow  and  clear. 
As  soon  as  this  point  is  reached  the  deflection  in  the  galvanometer 
again  rises  to  its  original  value  of  1.2  volts,  and  remains  there  as 
usual  until  the  system  is  completely  discharged.  There  is  found 
in  such  a  case  the  following  discharge  curve  (Fig.  4)  : 


Depolarization 


Fig.  4. —  PoLAKii^ATiox  curvk. 


It  follows  from  this  that  one  must  proceed  with  care  in  the 
selection  of  the  conditions  of  the  experiment  in  making  such  polar- 
ization discharge  curves.  As  Czepinski  has  shown,  one  no  doubt  ob- 
tains polarization  values  in  the  usual  V-tube.  but  they  will  l^e  too 
low  on  account  of  the  depolarizing  action  of  the  metallic  mist  at 
the  anode.  In  fact  0.  H.  Weber  could  prove  the  connection  between 
the  resulting  formula  and  the  apparatus  used,  in  which  the  more  or 
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less  strong  depolarization  is  a  result  of  the  above-described  phe- 
nomenon, lie  obtained  in  this  way  the  following  interesting  curve 
sheet  (Fig.  5),  in  which  he  plotted  the  constant  discliarge  point 
as  a  function  of  the  temperature. 

In  this  the  curve  1  represents  the  polarization  for  chloride 
of  lead  at  different  temperatures,  as  measured  in  the  follow- 
ing apparatus.  At  the  bottom  of  a  wide  porcelain  tube,  which 
contains  the  fused  l)ath,  there  was  a  large  amount  of  lead  regu- 
lus,  into  which  dipped  a  carbon  rod  well  insulated  from  the 
rest  of  the  bath  by  means  of  a  porcelain  tube.  The  anode, 
also  a  carbon  rod,   was   in  a   straight  tube  open  at  the   bottom, 
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which  dipped  into  the  bath  from  above  and  ended  not  far  above 
the  lead  regulus.  If  the  anode  be  now  moved  away  from  the 
regulus,  and  inclosed  more  completely  by  its  porcelain  tube, 
curve  2  will  be  obtained  for  the  polarization  values.  The  anode 
was  furthermore  put  into  a  Y-shaped  tube  which  had  a  short 
and  a  long  branch.  The  short  branch  was  dipped  into  the  fused 
bath.  By  this  a  marked  separation  of  the  anode  space  is  accom- 
plished, and  curve  3  is  obtained.  If,  finall}',  the  lead  regulus 
is  also  placed  int©  such  a  V-shaped  tube,  whereby  a  complete 
separation  of  the  anode  and  cathode  spaces  is  accomplished,  curve  4 
will  be  obtained.  Each  one  of  the  successive  curves  indicates 
higher  polarization  values  and  a  smaller  temperature  coefficient 
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of  polarization  than  the  preceding  one;  this  is  true  as  well  in 
the  range  of  lower  temperatures  in  which  the  eddy  motions 
are  limited  (but  in  that  case  with  smaller  variations),  as  also 
at  high  temperatures  at  which  the  eddy  motions  are  still  active 
even  with  a  better  separation  of  anode  and  cathode,  and  in  this 
case  with  very  strong  variations.  Just  as  with  the  encasing 
the  current  efficiency  also  approaches  more  and  more  to  that 
required  by  Faraday's  law  as  was  shown  above,  so  will  the  nor- 
mal polarization  he  reached  thereby  when  Faraday's  law  is  ful- 
filled, and,  therefore,  it  may  be  said :  The  polarization  phenomena 
in  the  electrolysis  of  fused  salts  are  analogous  to  the  current  effi- 
ciency phenomena. 

The  best  determinations  of  the  polarization  at  different  tem- 
peratures which  were  obtained  in  the  most  appropriate  apparatus 
refer  to  the  electrolysis  of  chloride  of  lead,  chloride  of  zinc,  and 
chloride  of  silver.  The  chloride  of  lead  chain  can  be  repre- 
sented by  the  formula  ^*  =- 1.2818— 0.000584  (^  =  506  deg.)  ac- 
cording to  0.  H.  Weber  {Zeit.  Anorg.  Chem.,  Vol.  21,  p.  305, 
1899).  Furthermore,  the  chloride  of  zinc  chain  by :  E^  ■=■  1.662 — 
0.000751  (i  =  430  deg.)  according  to  R.  Suchy  {Zeit.  Anorg. 
Chem.,  Vol.  27,  p.  152,  1901).  These  formulas  become  possible 
because  the  temperature  coefficient  for  these  two  combinations 
are  constant  over  a  long  range  of  temperatures,  which  for  the 
chloride  of  lead  chain  are  between  506  deg.  and  890  deg.,  and  for  the 
chloride  of  zinc  chain  between  430  deg.  and  660  deg.  For  the  chlo- 
ride of  silver  chain  the  temperature  coefficient  at  a  low  temperature 
is  not  constant;  it  becomes  so  only  at  higher  temperatures.     The 

Gibbs-Helmholtz  formula  C/=2.23041   (E—T^-^j,)  can  be  applied 

to  these  polarization  values,  which  enables  us  to  connect  the 
combination  heat  of  the  current  producing  processes  with  the 
free  heat  of  formation. 

In  the  following  tables  E  are  the  e.m.f.s  of  the  chains,   7™  are 

the  temperature  coefficients,  U  are  the  values  of  the  total  energ}', 
A  is  the  external  energy,  U  —  A  the  changes  in  the  total  energy 
comparable  with  the  heats  of  combination  calculated  from  thermo- 
chemical  data  which  are  given  in  the  next  to  the  last  column ; 
the  last  column  contains  the  differences  U  (electric)  — U  (thermic) . 
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Ag  I  AgCl  I  CI,  (Carbon). 
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For  thie  two  first-named  chains  it  is  an  imiisnally  remarkable 
fact  that; the  temporature  coefficient  is  constant  over  a  Ions:  ranc^e 
of  tempeirature.  The  author  has  endeavored  to  account  for  the 
meaning  of  this  fact  by  means  of  a  thermodynamic  calculation. 

dA 

If   the   equation^ — JJ^T -pp   is   differentiated    for    T,    it   gives 

.lA       -"■        "^^'^ 
dT 


djr 

dT 


d  T.    This  gives  — 


is  constant,  then 


dT 

d^  A 


djj 

d  T 


T 


d^A 
dT^' 


If  now 


dT 


dU 


0,  and,  therefore,  — -tyi  =  0,  hence  U= 


constant.     As  long  as  the  temperature  coefficient  does  not  change 
with  the  temperature,  the  heat  of  combination  of  the  reaction  is 
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constant.  But  the  general  tlierniodynamie  formula  for  the  ac- 
tion of  the  total  energy,  according  to  which  we  recalculate  these 
for  different  temperatures,  is  as  follows : 

^t  =  ^to  +  'S'l  +  A^a  + +  m,   f  cidt  +  nu  C  c^dt  + 

J   to  J   to 

—  S\  —  S'2  —  ....  —  m'l   I    c\  dt  —  m'j    I    c\dt  . . . . 

J  to  J  to 

In  this  equation: 

m^,  m^,  Wig,  re])resent  the  molecular  or  atomic  weights  of  the  re- 
acting components; 

m\,  m'2,  m'3,  the  molecular  or  atomic  weights  of  the  products  of 
the  reaction; 

<?i,  C2,  r,'3,  the  specific  heats  of  the  reacting  components; 

c'l,  c'o,  c'3,  the  specific  heats  of  the  products  of  the  reaction ; 

S-i,  Sn,  S-^,  the  sums  of  the  molecular  fusion  and  vaporization 
heats  of  the  reacting  components; 

S\,  S\,  S\,  the  sums  of  the  molecular  fusion  and  vaporization 
heats  of  the  products  of  the  reaction ; 

U^  the  heat  of  comhination  at  the  temperature  t,  and  Uto  that 
at  the  temperature  to. 

From  this  it  follows  that  Ut  is  constant  when 


mi   I    Cidt  -{-  m^    I    c^dt  -{-..,.. .  m\    i    c\  dt  —  m\    i    c\ 

J  to  J   to  J   to  J  to 


dt 


equals  zero  or  a  constant.  Tn  every  case  it  follows  from  this  equa- 
tion by  differentiation : 

m-^c^-\-m.^Cn-{- — m\c\ — m\c\ — ^^  0. 

For  a  binary  compound,  therefore 

^i^i  +  ^'^aCv — "^C  =  0 

that  is,  the  molecular  heat  of  the  product  produced  is  equal  to 
the  sum  of  the  atomic  heats  of  the  reacting  components.  But  TJ 
might  also  have  a  value  which  is  not  absolutely  constant  but  only 
approximately  so,  and  we  may  write : 

mi   I    Ci  c?<  +  "'2    I   <"2  dt  —  m  \    cdt  =  Ef  {t). 

J   to  J  to  J  to 
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In  this  expression  E  \s  a.  small  quantity.  It  shows  that  there  is 
only  a  small  dependence  on  the  temperature.  It  then  follows  after 
differentiating  that 

7niCi-\-mr,C2 — mc  =  E^'  (t) 

and  the  latter  expression  is  also  very  small  whereby  a  law  similar 
to  the  one  above  given  follows  again.  If  it  be  remembered,  more- 
over, that  the  following  reaction  always  exists 

mi-{-m.^  =  m 
it  follows  that 

mjCj-l-WgCj  =(mi-|-m2)o 

or  that  the  specific  heat  of  the  product  produced  is 

The  so-calied  thermochemical  rule  of  mixtures,  therefore,  also  ap- 
plies, with  a  very  close  approximation,  to  the  specific  heat  for  the 
systems  which  were  investigated. 

In  the  adjoining  tables  for  chloride  of  lead  and  chloride  of 
zinc  a  small,  but  nevertheless  very  definite,  range  in  the  varia- 
tions of  the  calculated  values  of  the  heat  of  combination  from 
those  observed  indicates  that  the  regularity  here  found  is  not  an 
absolute  sharply  defined  one.  The  change  in  the  specific  heat  of 
the  reacting  components,  lead  and  chlorine,  is  rather  greater  than 
that  of  the  material  produced,  lead  chloride.  Nevertheless,  the 
slight  bend  which  the  curve  of  the  e.m.f's  shows  toward  the  tem- 
perature is  so  small  that  it  is  preferable  to  assume  the  regularity 
here  shown  and  to  place  the  algebraic  sum  of  the  specific  heats 
involved  equal  to  zero,  when  one  calculates  the  action  of  the  total 
energy  from  the  heats  of  combination. 

In  closing  this  section  attention  is  called  in  a  few  words  to  the 
fact  that  in  the  polarization  of  fused  salts  a  time  phenomenon 
also  develops.  If  the  polarization  discharge  is  observed  in  the 
electrolysis  of  a  fused  salt,  for  instance,  lead  chloride,  in  an  elec- 
trolytic trough  in  which  the  anode  and  cathode  spaces  are  not 
separated  from  each  other  by  a  great  distance,  the  galvanometer 
indicates  for  the  rlischarges  only  an  extremely  short  normal  dis- 
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charge  point.  If  the  polarization  (measurements?)  be  now  re- 
peated continually,  the  discharges  being  observed  repeatedly  dur- 
ing tlie  test,  the  constant  discharge  *])oint  will  become  longer  and 
longer,  until  finally  there  will  result  a  nearly  normal  discharge 
curve  having  the  appearance  of  the  one  drawn  above.  This  phe- 
nomenon, observed  by  Sacher  (Zeit.  Anorg.  Chem.,  Vol,  28,  p.  385, 
1901),  and  by  Auerbach  (Zeit.  Anprg.  Chem.,  Vol.  28,  p.  1,  1901), 
is  again  completely  analogous  to  the  relations  of  the  current  effi- 
ciencies at  the  anode,  and  indicates  here,  as  it  does  there,  the 
degree  of  saturation  of  the  carbon  rod  with  chlorine.  \Vhen  the 
carbon  rod  still  continues  to  absorb  chlorine,  the  capacity  of  the 
electrode  is  small  and  the  discharge  point  short.  When  it  is  satu- 
rated the  discharge  curve  becomes  normal  and  Faraday's  law  is 
fulfilled  at  the  anode,  as  has  already  been  shown  above. 

The  researches  of  the  author  with  J.  F.  Sacher  have  brought  out 
very  interesting  polarization  discharge  curves  for  fused  sodium 
hA'drate.  It  was  found  that  there  was  a  double  fall  in  these  dis- 
charge curves  (like  that  which  has  lately  been  shown  frequently 
for  various  accumulators  in  which  the  plates  are  not  of  lead ) .  One 
of  the  constant  discharge  points  was  at  3.14  to  2.18  volts,  the  other 
at  1.3  to  1.1  volts ;  this  corresponds  to  the  charging  of  the  cathode 
on  the  one  hand  with  metallic  sodium,  on  the  other  with  hydrogen, 
opposite  to  an  anode  which  is  charged  with  oxygen.  It  was  in- 
teresting to  verify  these  polarizations  in  the  reverse  way  by 
plotting  the  curve  of  decomposition  voltages.  The  author,  to- 
gether with  Sacher,  carried  this  out  for  iron  as  well  as  for  platinum 
chlorides,  whereby  they  studied  and  recorded  the  required  prepara- 
tion of  the  iron  electrode  for  this  purpose  (passive  state  of  the 
iron).  The  plotting  of  the  curve  of  decomposition  voltage  showed 
that  the  point  of  the  discharge  of  hydrogen  disappeared  when  the 
fused  bath  is  completely  free  from  water,  so  that  the  pure  sodium 
hydrate  is  electrolytically  decomposed  entirely  into  sodium  at 
the  cathode  and  into  oxygen  (discharge  of  OH  ions)  at  the  anode. i 

The  decomposition  curves  were  taken  at  two  electrodes  of  thei 
same  size,  as  well  as  at  a  large  anode  and  a  small  cathode,  and 
at  a  large  cathode  and  a  small  anode.  Iron  and  platinum  elec- 
trodes were  used.  The  results  obtained  for  the  decomposition 
voltage  agree  completely  with  the  polarization  values  so  that  the 
meaning  of  the  decomposition  point  is  thereby  made  completely 
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clear.     Tn  the  following  table  the  results  of  the  researches  are 
collated : 

Method.                             1st  point.  2d  point. 

Polarization  discharge                    1 . 3 — 1 .1  2 .  14 — 2 .  18 

Two  equal  electrodes                          (1.1)  2.23—2.25 

Large  anode,  small  cathode            1 . 1 5—1 .16  2 .  06—2 .  09 

Large  cathode,  small  anode  •  1 .  33 — 1 .  31 

The  proof  that  hereby  water  was  formed  at  the  anode  was  sub- 
sequently supplemented  to  the  work  of  Lorenz  and  Sacher  by 
Le  Blanc  and  J.  Erode  (Zeit.  f.  EleMrochemie,  Vol.  8,  p.  717, 
1902). 

The  effect  which  the  formation  of  metallic  mist  has  on  the  depo- 
sition of  the  alkaline  metals  is  expressed  in  the  work  of  R.  Lorenz 
and  W.  Clark  (Zeit.  f.  EleMrochemie,  Vol.  9,  p.  269,  1903).  They 
succeeded  in  depositing  potassium  from  fused  jx)tassium  hydrate 
by  encasing  the  cathode. 

In  concluding  this  review  of  our  knowledge  to  the  present  date 
in  the  sphere  of  the  theory  of  the  electrolysis  of  fused  salts,  the 
author  desires  to  express  the  wish  that  the  industries  may  make 
advantageous  use  and  draw  useful  conclusions  from  it. 

Especially  in  the  United  States  of  America  extended  use  is 
made  of  the  electrolysis  of  fused  salts.  Besides  the  larger  proc- 
esses, like  the  aluminum  process  which  has  been  in  operation  a 
long  while,  many  experiments  are  also  made  to  apply  the  electrol- 
ysis of  fused  salts  to  new  industrial  applications.  Perhaps  some 
one  or  other  of  tlie  features  explained  above  may  prove  to  be  of  use 
in  practice. 


Tlipro  beinfr  no  discussion  on  thp  paper,  the  riiairmnn  requested  Dr. 
Bancroft  to  present  Prof.  Dr.  W.  Ostwald'a  paper,  in  the  absence  of  the 
author. 
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The  chemical  result  of  the  conduction  of  an  electric  current 
through  an  electrolyte  is  made  up  of  two  very  different  effects, 
namely  the  phenomena  of  the  conduction  through  the  electrolyte 
and  those  concerned  with  the  transfer  of  electric  charges  at  the 
electrodes.  With  respect  to  the  first  effect,  we  have  clear  and  defi- 
nite conceptions,  based  on  the  universally  confirmed  theory  of 
Hittorf.  According  to  this  theory,  the  mechanism  is  of  the  greatest 
simplicity,  namely,  the  cations  and  anions  migrate  in  opposite 
directions  and  with  mobilities  which  depend  mainly  on  the  specific 
nature  of  the  ions,  but  also  on  the  solvent,  the  concentration  and 
the  temperature.  The  process  which  results  in  the  second  effect  — 
namely  the  ionic  discharge  or  the  general  transfer  of  charges  at 
the  electrodes  —  also  seemed  at  first  to  be  simple  and  clear.  But 
the  assumption  that  the  ions  which  accomplish  the  transportation 
of  the  current  through  the  electrolyte  are  also  the  materials  which 
undergo  the  electric  change  at  the  electrodes,  could  not  be  sup- 
ported; it  was  the  recognition  of  the  very  fact  that  both  can  be 
different,  which  made  possible  the  development  of  the  proper  ex- 
planation of  the  phenomenon  of  electrolytic  conduction  itself. 
Berzelius  still  based  his  electrochemical  system  on  such  an  incorrect 
conception  of  the  electrolytic  phenomena.  He  at  first  and  chiefly 
tested  the  salts  of  the  alkaline  metals  and  earths ;  since  bases  and 
acids,  besides  hydrogen  and  oxygen,  result  from  their  electrolysis, 
he  regarded  the  former  two  substances  as  the  real  constituents  of 
the  salts,  and  based  his  entire  chemical  system  on  this  miscon- 
ception derived  from  his  experiments.  Even  Faraday  held  rather 
erroneous  views  in  this  regard,  though  we  owe  to  him  the  name 
and  conception  of  the  ions.  The  first  one  who  was  consistent  was 
Daniell,  who  throughout  assumed  the  metals  to  be  the  cations  of 
thf;  salts.  This  scientist's  conception  of  the  mechanism  of  the 
transportation  of  electricity  by  the  ions  was  still  imperfect,  and  it 
was  Hittorf  who  then  worked  out  the  theory  in  this  respect  and 
reduced  it  to  a  perfectly  simple  and  clear  one;  to  him  we  owe 
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the  statement  that  electrolytes  are  salts,  and  the  experimental 
methods  for  determining  the  nature  of  the  ions  in  every  given  case, 
as  also  the  ratio  of  their  migration  velocities  independently  of 
any  possible  electrode  reactions. 

The  new  idea  of  decisive  importance  was  that  of  a  secondary 
reaction.  Wliile  by  the  conduction  of  the  current  through  the 
electrolyte  a  certain  ion  may  be  transferred  to  the  cathode,  it 
does  not  necessarily  follow  that  it  is  deposited  or  liberated  there. 
In  a  solution  of  potassium  chloride  it  is  undoubtedly  the  potassium 
ion  which  transports  the  positive  electricity  to  the  cathode.  Yet 
it  does  not  appear  there  as  the  product  of  electrolysis,  but  in  its 
stead,  potassium  hydroxide  and  hydrogen  are  formed.  This  is 
explained  by  the  conception  that  directly  or  primarily  potassium 
is  deposited,  which,  however,  cannot  exist  in  contact  with  the 
water  of  the  solution  and  reacts  with  it,  forming  potassium  hy- 
droxide and  hydrogen. 

First  of  all,  this  view  enables  us  to  conceive  the  same  simple 
mechanism  for  the  conduction  of  the  current  through  an  electro- 
lyte, in  the  two  theoretically  fully  analogous  cases  of  the  electrol- 
ysis of  the  salts  of  heavy  metals  which  do  not  decompose  water, 
and  the  electrolysis  of  the  salts  of  light  metals  which  decompose 
water,  although  both  cases  are  apparently  quite  different  from  an 
experimental  point  of  view.  Another  result  is  that  the  apparent 
contradiction  to  Faraday's  law  is  avoided  which,  in  the  case  of 
electrolysis  of  salts  of  light  metals,  could  be  found  in  the  fact  that, 
besides  the  liberation  of  oxygen  and  hydrogen,  the  formation  of 
acid  and  alkali  appear  as  immediate  effects  of  the  electrolysis. 
Finally  our  view  gives  an  explanation  of  the  fact  that  in  some  cases, 
instead  of  the  secondary  reactions,  it  is  possible  to  get  the  primary 
products  by  means  of  a  slight  modification  of  the  conditions  of  the 
experiment.  For  instance,  in  the  case  of  the  alkali  metals  this  ie 
possible  by  the  use  of  a  mercury  cathode. 

In  the  course  of  time  the  necessity  has  manifested  itself  to  con- 
sider a  great  many  reactions  as  secondary.  The  best  known  ex- 
ample is  the  decomposition  of  water  between  inert  electrodes. 
Since  water  itself  is  a  poor  conductor,  alkali  or  acid  is  added,  and 
in  former  descriptions  of  this  method  it  was  stated  that  these  ad- 
ditions are  made  only  for  the  purpose  of  rendering,  the  water  a 
"better  condnotor."  Now  we  Icnow  with  sufficient  certainty  that 
the  conduction  of  the  current  is  really  accomplished  by  the  ions 
of  the  additions,  and,  in  the  case  of  an  acid,  we  consider  the  oxygen 
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developed  at  the  anode  as  the  result  of  a  secondary  reaction  between 
the  discharged  anion  and  the  solvent  water,  while  in  the  case  of  an 
alkali,  we  must  assume  secondary  reactions  even  at  both  electrodes, 
namely  at  the  cathode  the  reaction  between  alkali  metal  and  water 
and  at  the  anode  the  change  of  the  discharged  hydroxyl  ions  into 
oxygen  and  water. 

By  the  development  of  modern  electrochemistry  our  views  on 
these  questions  have  been  modified  so  as  to  be  more  precise.  If 
at  an  electrode  several  processes  are  possible  by  means  of  which 
the  transfer  of  electricity  from  the  electrolyte  into  the  electrode 
may  take  place,  we  have  to  assume  that  that  reaction  will  take 
place  for  which  the  potential  difference  is  a  minimum.  Or  in  other 
words,  if  we  gradually  increase  the  e.m.f.  applied  at  the  terminals 
of  the  cell,  beginning  with  zero  e.m.f.,  then,  of  all  possible  ionic 
discharges,  those  will  first  occur  which  require  the  smallest  poten- 
tial difference. 

However,  the  potential  difference  for  any  electrode  reaction  has 
in  general  no  constant  value,  but  depends  upon  the  temperature 
and  to  a  considerable  degree  upon  the  concentration ;  the  range  of 
the  strongest  influence  is  exclusively  at  low  concentrations.  If  we 
start  from  "  molar  "  solutions  and  increase  the  concentration,  we 
cannot  go  beyond  10  times  molar  concentrations  for  experimental 
reasons,  because  more  concentrated  solutions  of  electrolytes  cannot 
in  general  be  prepared.  Within  the  limits  mentioned,  the  maxi- 
mum possible  difference  is  about  0.06  volt  for  the  electrolytic  pro- 
duction of  any  constituent  of  these  solutions  out  of  the  concen- 
trated or  out  of  the  dilute  sohition.  On  the  other  hand,  if  we 
start  again  with  molar  solutions  and  decrease  the  concentration, 
the  same  difference  of  e.m.f.  (0.6  volt)  is  found  for  every  decrease 
of  the  concentration  to  one-tenth  its  former  value ;  hence  for 
0.001  molar  solutions  compared  with  molar  ones,  it  has  already 
increased  to  0.17  as  a  maximum,  and  for  0.000001  molar  solutions 
it  is  twice  as  great.  For  infinitely  dilute  solutions  it  is  theoreti- 
cally infinite,  but  experimentally  one  does  not  exceed  two  voHs. 

The  following  important  conclusion  may  be  drawn  herefrom. 
If  there  are  several  possibilities  for  the  reaction  at  one  electrode, 
the  chemical  reaction  which  really  occurs  depends  not  only  upon 
the  nature  of  the  possible  chemical  reactions,  but  also  upon  the 
concentration  of  the  substances  which  are  present,  and  by  suitably 
varying  the  latter  we  can  bring  any  reaction  to  any  point  in  the 
voltage  series. 
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Now  it  is  a  universal  fact  that  the  electrolytic  process  itself 
rtsults  in  a  decrease  of  the  concentration  of  that  substance  in  the 
neighborhood  of  the  electrode  which  is  involved  at  that  moment  in 
the  electrode  reaction.  Hence  any  such  reaction  has  the  tendency 
to  stop  by  itself  and  to  be  replaced  by  that  reaction  which  can  and 
will  take  place  as  the  next  one  with  increasing  voltage.  Moreover, 
Since  the  voltage  is  influenced  only  by  the  concentration  at  the 
electrode  itself,  not  by  the  average  concentration  in  the  whole 
electrolyte,  this  "  polarization  "  would  necessarily  take  place  almost 
instantaneously  after  the  current  has  begun  to  flow,  if  there  were 
not  other  processes  v.hieh  bring  the  exhausted  kind  of  ion  again  in 
sufficient  quantity  to  the  electrode. 

These  compensating  influences  are  of  a  twofold  kind.  First, 
we  have  diffusion  which  tends  to  make  good  any  decrease  of  con- 
centration with  a  force  proportional  to  the  existing  concentration 
difference.  Secondh^  we  may  have  chemical  reactions  which  are 
caused  by  the  exhaustion  of  the  electrolytically  changed  ions,  since 
the  equilibrium  which  had  been  disturbed  by  their  disappearance 
begins  to  reconstitute  itself  and,  therefore,  also  tends  to  counteract 
the  loss.  Both  compensating  processes,  however,  start  only  after 
the  loss  had  been  established,  and  are,  therefore,  never  able  to 
reproduce  the  original  condition.  The  result  is  always  a  polariza- 
tion, i.  e.,  an  e.m.f.  which  counteracts  the  applied  e.m.f.^ 

The  value  of  the  e.m.f.  of  polarization  evidently  depends  upon 
the  final  decrease  of  concentration  of  the  electrolytically  changed 
ion.  For  this  purpose  we  have  to  consider  the  stationary  condi- 
tion which  is  reached  after  the  first  variable  processes  have  fermi- 
nated.  For  the  case  in  which  the  compensation  for  the  exhausted 
ions  is  accomplished  by  diffusion  only.  TTolmholtz  has  already 
given  the  underlying  principles  of  the  reaction.  These  may  be 
briefly  summarized  as  follows: 

The  current  causes  a  consumption  of  the  active  ion  at  the  elec- 
trode surface,  the  quantity  consumed  being  proportional  to  the 
quantity  of  electricity  which  has  passed.  But  the  electrolytic 
migration  of  the  ions  does  not  bring  as  many  new  ions  to  the 
cathode  as  are  consiimed ;  it  brings  only  a  certain  portion  of  this 
I'umber,  this  portion  being  given  by  Ibo  rnlio  of  the  mitrration 
velocity  of  the  active  ion  to  the  sum  of  the  migration  velocities  of 

1.  There  are  known  n  few  cases  of  ahnorma!  polarization  in  which  the 
current  causes  an  e.m.f.  of  polarization  of  the  «nme  direction  as  the 
applied  e.m.f. :  their  theoretical  explanation  is  possible  on  the  basis 
of  the  theorv  jriven  in  what  follows. 
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both  ions.  Hence  there  must  necessarily  result  ionic  exhaustion 
which  is  counteracted  by  diffusion.  The  exhaustion  progresses  so 
far  until  diffusion  —  which  simultaneously  increases  on  account 
of  the  increasing  concentration  difference  —  brings  back  to  the 
electrode  exactly  the  missing  amount  of  ions  in  the  form  of  its  salt. 
There  will,  therefore,  be  produced  finally  a  certain  distinct  con- 
centration difference  between  the  electrode  surface  and  the  main 
part  of  the  solution,  and  there  will  be  a  corresponding  distinct 
e.m.f.  of  polarization.  Since  the  diffusing  quantity  of  salt  is  pro- 
portional to  the  coefficient  of  diffusion  and  to  the  difference  of 
concentration,  while  the  e.m.f.  of  polarization  is  proportional  to  the 
ratio  of  the  concentrations,  it  follows  that  with  the  same  current 
density  the  e.m.f.  of  polarization  must  become  the  greater  the 
lower  the  total  concentration  of  the  active  ion. 

These  considerations  hold  good  directly  for  primary  electrolysis 
in  which  the  current  is  transported  by  the  same  ion  which  under- 
goes the  change  of  concentration  at  the  electrode.  For  secondary 
electrolysis  we  have  only  to  consider  what  the  influence  of  the 
current  will  be,  according  to  Faraday's  law,  upon  the  concentration 
of  the  electrolytic  ion  at  the  electrode.  Let  us  consider,  for  in- 
stance, the  case  of  "  water  decomposition,"  and  let  us  distinguish 
the  two  cases  in  which,  for  increasing  the  conductivity,  an  acid  or  a 
base  is  added.  With  an  acid  solution  we  have  to  consider  at  the 
cathode  the  concentration  of  the  hydrogen  ion  and  we  then  have 
primary  electrolysis.  At  the  anode  we  had  to  consider  first  the  con- 
centration of  the  anion,  for  instance  the  SO4  ion.  By  its  reaction 
with  water,  oxygen  and  sulphuric  acid  is  formed  according  to  the 
equation 

SO/'-f  H,0  =  HoSO,+  0, 

i.  e..  this  process  yields  sulphuric  acid  which  disintegrates  again 
into  its  ions.  The  concentration  of  the  SO^  ion  is,  therefore,  not 
diminished  but  increased,  and  this  increase  corresponds  exactly  to 
the  decrease  of  the  concentration  at  the  cathode.  Diffusion  will 
now  carry  away  the  sulphuric  acid  from  the  anode  and  this  will 
lead  to  a  stationary  condition.  The  total  result  is  not  a  compensa- 
tion of  the  two  e.m.f's.  of  polarization  at  the  electrodes,  but  since 
an  increase  of  concentration  has  a  smaller  influence  on  the  poten- 
tial than  an  equal  decrease,  we  will  ultimately  have  a  polarization 
in  the  ordinary  sense,  i.  e.,  the  passage  of  the  current  is  rendered 
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more  difficult,  and  this  will  be  the  case  to  a  greater  extent  the 
higher  the  current  density  and  the  smaller  the  total  concentration. 

If  a  caustic  potash  solution  is  electrolysed,  we  have  a  similar 
increase  of  the  potassium  hydroxide  concentration  at  the  cathode, 
due  to  the  ionic  migration,  since  it  is  not  removed  there  from  the 
solution,  and  we  thus  have  here  quite  similar  conditions  as  exist 
for  sulphuric  acid  near  the  anode.  At  the  anode  we  have,  in  the 
case  of  caustic  potash  electrolysis,  the  reaction  20H'=  HoO  +  0. 
The  concentration  of  HO  is  approximately  proportional  to  that  of 
the  potassium,  but  the  latter  decreases  on  account  of  the  migration 
of  the  ions.  Furthermore,  immediately  at  the  anode  a  layer  of 
pure  water  is  formed.  The  total  result  in  this  case  is  again  a 
polarization  in  the  ordinary  sense. 

All  these  considerations  are  based,  however,  upon  the  further 
supposition  that  the  chemical  reactions  hy  which  the  secondary 
products  are  formed  occur  with  a  speed  which  is  infinitely  great 
in  comparison  icith  the  other  processes.  This  is  a  supposition 
which,  while  ver}^  approximately  fulfilled  in  the  cases  which  we 
have  considered,  yet  is  not  necessarily  fulfilled  in  all  cases.  If  we 
have  to  do  with  reaction  velocities  which  are  not  infinitely  great, 
there  arise  a  great  many  new  questions  which  we  had  no  need  of 
answ^ering  so  far. 

It  may  be  asked,  for  instance,  whether  at  the  anode  in  a  potas- 
sium hydroxide  solution,  the  secondary  reaction  2 OH  =  H2O  +  0, 
or  even  40H  =  2noO  +  0,  occurs,  or  whether  we  do  not  have  a 
primary  reaction,  namely  the  discharge  of  bivalent  oxygen  ions. 
True,  the  existence  of  such  an  ion  0"  has  not  yet  been  proved ;  it 
can  never  exist  in  considerable  quantities,  because  it  soon  reacts 
with  water  according  to  the  equation 

0"-f  H,0  =  20H' 

and  forms  hydroxy!  ions.  On  the  other  hand,  one  may  state  that 
it  must  always  be  present  in  very  small  quantities  wherever  hy- 
droxyl  ions  are  present,  since  the  above  reaction  also  takes  place  in 
the  reverse  direction,  as  read  from  the  right  to  the  left  hand  of 
the  equation,  and  the  simultaneous  concentrations  of  the  two  kinds 
of  ions  are  determined  by  the  (unknown)  equilibrium  constant  of 
tliis  reversible  reaction.  As  long  as  this  reaction  also  takes  places 
with  a  speed  which  is  infinitely  large  compared  with  that  of  the 
electrolytic  processes,  it  does  not  matter  which  reaction  is  as- 
sumed, since  no  measurable  quantity  is  thereby  influenced ;  it  is, 
therefore,  not  possible  to  decide  which   of  the  different  possible 
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reactions  really  occurs  and  a  discussion  of  this  point  does  not 
fulfill  any  useful  purpose. 

Let  us  now  imagine  the  possibility  of  rendering  the  reaction 
between  hydroxyl  ions  and  bivalent  oxygen  ions  infinitely  slow  by 
some  means.  It  would  then  be  possible  to  decide  which  of  the  two 
reactions  occurs  at  the  electrode  (under  the  supposition  that  it  is 
either  the  one  or  the  other).  If  it  is  the  hydroxyl  ion  which  is 
discharged,  the  decrease  of  concentration,  produced  by  a  given 
current,  will  have  a  relatively  much  smaller  effect  than  an  equiva- 
lent decrease  of  concentration  of  the  oxygen  ion  which  is  present 
in  a  much  smaller  concentration.  Under  equal  conditions  we 
would,  therefore,  get  a  small  polarization  in  the  first  case  and  a 
very  strong  polarization  in  the  second  case;  and  by  measurements 
of  the  polarization  we  could  decide  which  of  the  two  reactions 
really  takes  place. 

Such  means  of  changing  the  speed  of  a  given  reaction  within 
very  wide  limits  really  exist  in  chemistry  in  what  is  called  cataly- 
zers. From  this  it  is  at  once  evident  what  a  ver}^  essential  and 
important  part  the  catalyzers  are  able  to  play  in  electrolytic  action. 
By  retarding  one  of  the  possible  reactions  by  means  of  a  negative 
or  retarding  catalyzer,  we  are  able  to  exclude  its  influence  from  the 
electrolytic  process.  By  accelerating  by  means  of  a  catalyzer  a 
reaction  which  is  of  itself  slow,  we  can  include  it  in  the  electrolytic 
process.  In  other  words,  we  are  no  longer  compelled  to  let  the 
current  act  in  the  way  stated  by  the  above  simple  law,  ])ut,  in 
principle,  we  are  now  able,  hy  apphjing  suitaMe  catalyzers,  to  pre- 
scribe to  the  current  that  reaction  ivhlch  tve  ivant  to  have  to  take 
place,  and  it  does  not  matter  at  which  point  of  the  voltage  series 
this  reaction  is  situated. 

This  fundamental  idea  may  be  applied  in  two  directions.  First 
in  synthetic  Avork ;  if  we  suppress  by  negative  catalyzers  those  re- 
actions which  would  take  place  before  the  desired  one,  we  can 
bring  the  desired  reaction  to  the  front;  or  if  the  reactions  which 
tnke  place  before  the  desired  one  occur  with  a  low  speed,  we  can 
accelerate  the  speed  of  the  desired  reaction  by  means  of  a  positive 
catalyzer  and  can  thus  produce  the  same  effect.  The  second  appli- 
cation is  for  analyzing  the  reactions  which  really  take  place  at  the 
electrodes.  If  these  reactions  are  essentially  influenced  by  a  certain 
addition,  and  if  we  know  the  single  reaction  which  is  altered  cata- 
lytically  by  the  addition,  we  can  conclude  that  this  reaction  takes 
^m  essential  part  in  the  electrode  process.  If  a  catalyzer  of  known 
■  Vol.   II— n 
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specific  activity  does  not  influence  the  electrode  reactions,  we  can 
draw  the  reverse  conclusion  and  state  that  that  reaction  is  not  a  part 
of  the  electrode  process. 

In  connection  with  this,  it  should  be  emphasized  that  what  is 
called  above  briefly  the  electrode  process  is  in  reality  a  rather 
complex  phenomenon.  In  the  simplest  case  —  for  instance,  in  the 
primary  electrolysis  of  a  silver  salt  —  this  reaction  consists  in  the 
eliange  of  the  silver  ion  to  metallic  silver.  But  "  metallic  silver  " 
is  not  a  well-defined  substance,  since  we  know  elementary  silver  in 
very  different  allotropic  states.  Here  the  very  general  rule  mani- 
fests itself  that  a  system,  when  changing  from  one  state  to  another 
one,  first  assumes  the  unstable  intermediate  states  which  change  step 
by  step  into  the  more  stable  ones;  in  the  case  of  explosive  anti- 
mony, detected  by  Gore,  it  is  well  known  that  one  of  these  states 
remains  metastable  for  a  longer  time.  One  may  say,  therefore, 
that  the  first  product  in  the  cathodic  deposition  of  silver  is  that 
wliich  is  formed  as  the  next  step  from  the  silver  ion  after  the  loss 
of  its  positive  charge,  i.  e.,  silver  dissolved  in  water,  probably  of 
the  molecular  weight  of  Ag.  On  account  of  the  presence  of  wliite 
metallic  silver  the  silver  cannot  continue  to  exist  in  this  state, 
but  changes  into  the  stable  form  of  white  silver.  At  the  cathode  a 
distinct  proportion  of  dissolved  silver  ions  to  dissolved  silver  metal 
will,  therefore,  be  established,  and  this  proportion  will  determine 
the  potential  by  means  of  an  equation  similar  to  that  given  by 
Peters-  for  the  potential  of  a  mixture  of  ferrous  and  ferric  salts. 
The  greater  the  speed  of  the  change  of  dissolved  silver  into  the 
white  solid  metal,  the  smaller  will  be  the  concentration  of  the  dis- 
solved silver  metal  and  tlic  more  it  will  approximate  that  Avhich 
is  given  by  the  self-solubility  of  white  silver^  and  which,  therefore, 
represents  the  equilibrium  potential  of  a  silver  electrode. 

Similar  considerations  hold  good  for  the  secondary  reactions  at 
an  electrode.  Thus,  as  the  primary  anodic  product  of  the  electrol- 
ysis of  dilute  sulphuric  acid,  a  substance  SO4  may  be  assumed 
which  reacts  with  the  solvent  water  with  any  (probably  very  high) 
speed,  to  form  ox5'gen  and  sulphuric  acid.  In  the  case  of  concen- 
ti'ated  sulphuric  acid  which  contains  mainly  the  ion  H'SO'4,  it  is 
not  the  substance  HSO4,  but  its  polymerisation  product  H^SoOg 

2.  Zcif.  f.  Phj/s.  Chemie,  v.  26,  p.  200,  1808. 

3.  Such  a  solubility  must  be  assumed  in  any  case.  This  follows  from 
penoral  roasons  and  from  the  farts,  detected  by  Naep;eli,  of  the  aceumu- 
latinir  jioisonous  action,  the  "  oligodjTiamics "  of  water  in  contact  with 
metallic  silver. 
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which  is  obtained,  or  its  ions,  as  the  conceivable  primary  product. 
If,  however,  the  anode  has  too  strong  catalytic  properties,  for  in- 
stance, if  it  consists  of  a  large  platinum  plate,  the  persulphuric  acid 
which  is  formed  soon  disintegrates  into  sulphuric  acid  and  oxygen, 
and  the  unstable  intermediate  product  does  not  remain. 

It  will  thus  be  seen  that  even  the  simplest  electrode  reactions  are 
made  up  of  a  plurality  of  reactions  following  each  other  step  by 
step.  Since  each  of  the  same  can  be  influenced  catalytically,  it  is 
already  evident  that  a  very  great  variety  of  results  is  possible. 
We  should  furthermore  consider  that  many  of  the  unstable  sub- 
stances which  are  formed  as  intermediate  products  during  electrol- 
ysis, and  which  quickly  disappear,  are  not  yet  known  separately 
with  respect  to  their  properties,  and  especially  with  respect  to  the 
action  of  catalyzers  upon  the  same.  Under  these  circumstances  it 
will  be  evident  what  an  abundance  of  peculiar  and  unexpected 
])]ienomena  we  may  hope  to  detect  in  this  way,  and  how  much  new 
knowledge  we  may  expect  to  obtain  from  a  systematic  investi- 
gation of  this  field.  The  literature  of  electrochemistry  already 
contains  a  great  number  of  separate  facts  which  are  not  only 
understood  more  easily  but  applied  with  greater  safety,  if  considered 
from  the  points  of  view  given  in  this  paper  (a  large  portion  of 
which  was  suggested  by  other  scientists,  since,  about  six  years  ago,. 
I  emphasized  the  necessity  of  taking  into  consideration  catalytic 
action  in  the  investigation  of  the  phenomena  of  electrolysis).  T 
regret  that  I  cannot  go  into  details;  I  wish  to  remark  only  that 
for  some  time  Prof.  Luther  with  his  scholars  has  attacked  this 
])roblem  from  different  sides ;  the  papers  already  published  by 
them,  and  still  more  the  unpublished  investigations,  will  show  the 
generalty  and  variety  with  which  this  scientist  has  understood 
developing  this  principle  and  rendering  it  useful. 


The  Chairman:  If  there  are  no  remarks  upon  this  paper  of  Dn 
Ostwald,  it  will  be  published  in  full  in  the  Transactions. 

I  should  like  to  take  this  occasion  to  congratulate  the  Section  on  the 
attendance  and  the  character  of  papers  we  have  had  for  the  last  three 
days,  and  to  say  that  we  have  now  concluded  the  list  of  papers  assigned 
to   Section  C  of  the  International  Electrical   Congress. 

There  being  no  further  business  before  the  Section,  the  Chairman  de- 
clared it   adjourned. 
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Section  D  was  called  to  order  at  11 :35  a.  m.,  Monday,  September 
12,  190-1,  Chairman  C.  F.  Scott,  presiding. 

Chairman  Scott:  The  first  paper  available  is  by  Sig.  E.  Big- 
nami,  entitled  "  Electrical  Transmission  Plants  in  Switzerland." 
The  paper  is  in  manuscript  in  the  Secretary's  hands.  I  have  asked 
the  Secretary  to  be  good  enough  to  give  us  an  abstract  of  the 
paper. 

Secretary  Belt,  tlicn  gave  an  abstract  of  the  paper  of  Sig. 
Bignami,  which  follows; 


ELECTRICAL  PLANTS  IN  SWITZERLAND. 


BY  ENRICO  EIGNAMI. 


Although  Switzerland  has  not  produced  even  so  much  as  a  hand- 
ful of  coal,  it  possesses,  nevertheless,  in  the  rivers  that  spread  over 
its  surface  in  every  direction,  and  in  the  glaciers  of  its  Alps — 
in  those  white  watery  bodies,  which,  like  fantastic  seas,  hang,  as 
it  were,  suspended  between  heaven  and  earth — rich,  nay  inex- 
haustible, mines  of  houille  blanche — "  white  coal." 

The  initiative  early  taken  by  private  parties  in  the  generation 
of  electrical  energy  from  water-power  was  soon  followed  by  the 
civil  authorities,  and  many  towns,  after  vesting  the  service  of 
light  and  traction  in  the  municipal  government,  have,  on  their 
their  own  account,  established  hydro-electric  plants  of  great 
importance;  and  the  practice  of  utilizing  hydraulic  powers  is  like- 
wise spreading  among  the  municipal  systems  of  the  various 
cantons. 

The  canton  of  Fribourg,  which  took  the  initiative,  will  soon 
have  plants  representing  more  than  10,000  kw;  the  canton  of 
the  Grisons  is  now  engaged  in  carrying  out  a  plan  for  exporting 
electrical  energy  to  Italy  (to  the  amount  of  20,000  kw)  ;  the 
canton  of  Zurich  has  asked  for  Government  assistance  for  the 
creation  of  an  artificial  lake  to  provide  water  for  a  plant  of 
20,000  hp.  In  the  first  stage  of  a  project  looking  forward  to  the 
utilization  of  60,000  hp,  the  government,  following  the  example 
set  by  the  towns  and  cantons,  is  beginning  also  to  enter  the  field, 
after  having  bought  up  almost  all  the  railroads  in  the  country, 
with  a  view  to  purchasing  all  eventually.  It  encourages,  on  the 
one  hand,  experiments  in  electric  traction  by  private  agencies, 
and,  on  its  own  account,  has  begun  to  collect  statistics  of  all  the 
water-powers  in  the  confederation  and  to  prepare  a  law  according 
it  first  right  over  all  water-powers  which  can  be  utilized  in  trans- 
forming to  electric  traction  the  system  of  state  railroads. 

The  first  step  will  be  followed  by  others,  and  some  there  are 
who  declare  that  the  state  should  assume  ownership  of  all  water- 
■      .  [201] 
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powers  not  in  private  hands,  whether  belonging  to  towns  or  can- 
tons, in  order  to  control,  produce  and  distribute  electric  energy 
in  the  most  advantageous  way.  They  maintain,  in  short,  that 
electric  power  should  be  produced  without  intermediaries,  brought 
to  the  centers  of  consumption,  and  sold  at  the  cost  of  production. 

The  electric  railway  for  Bemina  (Engadine)  is  an  experiment 
in  electric  traction  of  considerable  interest.  Curves  of  40  metres 
radius  and  inclines  of  7  and  even  8  per  cent  were  adopted  for  this 
project;  the  former  were  made  possible  by  a  track  of  a  meter  gauge, 
and  by  the  design  of  the  rolling  stock  to  be  used  on  the  line; 
the  latter  have  become  practical  and  economical  only  through  the 
application  of  electric  traction. 

Switzerland,  especially  in  the  Xorth  and  in  the  ISTorthwest,  is 
literally  teeming  with  both  large  and  small  central-station  plants, 
which,  together  with  their  ramifications,  enclose  it  in  an  almost 
uninterrupted  network  of  electric  wires.  But  while  the  plants 
producing  electricity  in  Switzerland  were  on  the  30th  of  last 
June  550  in  number,  those  distributing  power,  and  which,  conse- 
quently, possess  more  or  less  extensive  branches,  urban  and 
interurban,  and  in  and  between  cantons,  were  only  2Q6,  almost 
all  of  which  are  brought  into  mutual  relation  by  the  Union  of 
Swiss  Electric  Central  Stations,  located  in  Zurich.  Of  these  266, 
we  may  class  60  per  cent  as  principal  plants,  and  the  others  as 
secondary  plants.  Altogether  they  represent  a  rated  capacity  of 
180,000  kw,  which  may  be  considered  as  increased  10  per  cent 
by  the  boiler  reserves  and  storage  batteries  with  which  a  third  of 
the  central  plants  are  provided.  On  the  30th  of  last  June  the 
principal  stations  numbered  162,  and  the  secondary  stations  104, 
making  a  total  of  266. 

If  one  understands  by  the  capacity  of  a  plant  that  which  the  sta- 
tion itself  can  actually  give  with  existing  apparatus,  then  the 
principal  stations  represent  a  capacity  of  169,920  kw,  distributed 
as  follows: 

148  stations  with  water-power,  or  92,*^  of  the  total  capacity. 
5  stations  with  steam-power,  or  3^  of  the  total  capacity. 
9   stations  with   gas-power,   or   5^  of  the   total   capacity. 

The  104  secondary  stations  possess  altogether  about  9000  kw ; 
thus  making  a  total  of  178,920  kw  for  both  principal  and  secondary 
stations. 

As  for  the  different  types  of  stations,  those  operated  by  water- 
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power  liave  increased  from  96.5  per  cent  to  97.5  per  cent;  those 
with  steam  and  gas  power  from  7.5  per  cent  to  8  per  cent. 

The  relative  number  of  gas  engines  and  steam  engines  has 
changed  but  little ;  gas  engines  are,  in  general,  employed,  as  before, 
by  the  smaller  stations,  while  steam  engines  are  utilized  by  a 
limited  number  of  the  larger  stations,  a  result  brought  about  by 
the  amount  of  average  power,  which  is  in  the  ease  of  stations 
with  gas  engines,  180  kw;  of  those  with  steam  engines,  500  kw; 
of  those  with  hydraulic  power,  700  kw;  and  for  all  together, 
660  kw. 

So  far  as  systems  of  current  are  concerned,  we  have,  of  the  163 
principal  stations,  95  with  alternating  diphase  or  triphase  current; 
55  with  continuous  current,  and  12  with  both  continuous  and  alter- 
nating current.  Of  the  secondary  stations,  70  employ  alternating, 
mono-  or  polyphase  current;  24  employ  continuous  current,  and 
10  employ  continuous  and  alternating  current.  Among  the  162 
principal  stations,  we  find,  besides  the  14  employing  steam  or 
gas  engines,  25  stations  utilizing  not  only  water-power  but  also 
gas  or  steam  engines,  as  reserve  for  an  eventual  lack  of  w^ater, 
or  for  any  conceivable  interruption  of  service.  Of  these  25  sta- 
tions, 18  have  steam  engines,  5  have  gas  or  oil  engines  and  2 
have  engines  of  both  kinds.  The  normal  capacity  represented  by 
the  25  plants  is  25,000  kw  for  water-power  and  10,000  kw  for  the 
engine  reserves.  These  reserves  show  progress  in  the  utilization  of 
water-power. 

The  idea  of  a  reserve  is  beginning  to  spread  also  to  secondary 
stations,  and  18  of  them  possess  gas  engines  and  one  a  steam 
reserve. 

Almost  all  the  principal  and  some  of  the  secondary  stations, 
belong  to  the  Union  of  Swiss  Electric  Central  Stations;  and  in 
the  proof  sheets  of  one  of  the  tables  of  statistics  now  being  printed 
for  its  annual  report,  1904-05,  are  contained  considerable  data 
concerning  120  plants.  These  data  furnish  us  with  information 
of  the  most  detailed  character,  although  they  do  not  apply  to  all 
the  120  stations  alike.  For  instance,  in  the  case  of  change  of 
plant  due  to  variability  of  hydraulic  power,  we  have  data  for 
only  90  stations.  These  data  refer  to  maximum  and  minimum 
power.  The  former  represents  140,000  kw;  the  latter,  85,000  kw, 
i.  e:  60  per  cent  of  the  maximum  power. 

As  regards  improvement  of  the  condition  of  power  by  means 
of  storage  (hydraulic  or  electric),  we  can  draw  no  sure  conclu- 
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sions.  We  know,  however,  that  some  stations  have  increased  their 
storage  batteries  and  that  others  have  introduced  new  storage 
batteries. 

For  storage  batteries,  we  have  data  referring  to  30  stations,  for 
which  we  find  generators,  10,000  kw;  storage  batteries,  4200  kw- 
hours,  or  42  per  cent  of  generator  capacity  for  one  hour. 

As  to  the  number,  size  and  power  of  engines  or  prime  movers, 
in  the  statistics  of  120  stations  we  find  77  with  230  turbines 
aggregating  110,000  kw;  25  having  some  steam  engines,  or  steam 
engines  alone,  aggregating  11,000  kw;  18  having  some  gas  or 
oil  engines,  or  gas  engines  alone,  aggregating  4500  kw.  For  sta- 
tions which  have  been  considered  in  last  year's  report,  we  find 
an  increase  in  turbines  from  100,000  to  110,000  kw,  or  10  per 
cent;  an  increase  in  steam  engines  from  10,500  to  11,000  kw,  or 
5  per  cent;  an  increase  in  gas  and  oil  engines  from  3500  to  4000 
kw,  or  14  per  cent. 

It  is  especially  to  be  noted,  moreover,  that  in  the  case  of  82 
plants,  having  a  normal  capacity  of  100,000  kw,  we  have  with  the 
aid  of  turbines  113,000  kw;  the  average  power  of  turbines  is 
400  kw;  of  steam  engines,  300  kw;  of  gas  and  oil  engines,  10  kw. 
The  greatest  power  is  1300  hp  for  turbines;  1000  hp  for  steam 
engines,  and  380  hp  for  gas  engines. 

We  find  16  rotary  substations  containing  in  all  42  machines, 
representing  a  total  capacity  of  5000  kw,  and  showing  a  consider- 
able increase  in  comparison  with  last  year.  The  average  power 
of  the  machines  is  320  kw. 

Of  the  120  plants,  108  possess  electric  generators  in  the  proper 
sense  of  the  word.  The  greatest  capacity  represented  by  the 
generators  is  600  kw  for  continuous  current  and  870  kw  for  poly- 
phase current.  The  increase  of  power  in  the  case  of  generators 
is  32  per  cent  for  continuous  current,  28  per  cent  for  monophase, 
32  per  cent  for  polyphase,  and  30  per  cent,  on  an  average,  for  all 
systems  of  current. 

It  should  be  noted  that  the  highest  voltage  directly  produced 
is  2,250  volts  for  continuous  currents,  and  10,400  for  alternating. 

Of  the  68  plants  with  alternating  current  here  considered,  %Q 
liave  transformer  substations  aggregating  1630  transformers,  or 
24  on  an  average  per  station.  The  greatest  number  is  found  at 
the  stations  of  Montbovon,  92;  Geneva,  78;  Grande  Eau,  .76; 
Kubel,  75 ;  Olten-Aarburg,  68.  The  larger  city  stations  possess . 
numerous  substations,  Zurich  having  now  58, 
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The  transformers  now  number  3,400,  or  50  for  each  station. 
The  greatest  number  is  found  at  Geneva,  which  has  480;  Mon- 
treux,  240;  01ten-x\arburg,  185;  Eathhausen,  160;  Zurich,  120; 
Montbovon,  115;  Lucerne,  110.  The  highest  average  of  capaci- 
ties of  transformers  are  at  the  plants  of  Beznau,  110  kw;  Kauder, 
75;  Eaux-et-Forets,  56;  Kubel,  35. 

In  comparison  with  the  preceding  year,  the  increase  in  the 
number  of  transforming  stations  is  25  per  cent;  for  the  trans- 
formers themselves,  30  per  cent;  for  the  capacity  of  all  trans- 
foi-mers   (from  67,000  to  109,000)   40  per  cent. 

According  to  the  statistics  of  the  Union,  the  systems  of  current 
are  divided  as  follows: 

Alternating,  monophase,  33  cases,  or  44  per  cent, 
xllternating,  diphase,  7  cases,  or  9  per  cent. 
Alternating,  triphase,  29  cases,  or  38  per  cent. 
Series  continuous  current,  4  cases,  or  5  per  cent. 
Parallel  continuous  current,  3  cases,  or  4  per  cent. 

As  for  the  systems  of  distributing  current  used  in  the  installa- 
tion of  motors,  we  find  for  68  cases,  or  65  per  cent,  alternating 
current;  or  specifically,  monophase,  in  24  eases,  or  25  per  cent;, 
diphase,  in  6  cases,  or  7  per  cent;  triphase,  in  38  cases,  or  33  per 
cent;  and  for  48  cases,  or  35  per  cent,  continuous  current,  as 
follows: 

Two-wire  systems,  20  cases;  three- wire  systems,  28  cases;  16 
stations  have  two  or  three  different  systems  of  current. 

For  distribution  of  light,  with  alternating  current,  we  have  for 
the  monophase  system, two-wire,  16  cases;  monophase  system,  three- 
wire,  28  cases;  diphase  system,  3  cases;  j;ri phase  system,  20  cases. 
For  the  continuous  current,  we  have  8  cases  of  two-wire  and  28 
cases  of  three-wire  system. 

SixtcHin  stations  have  also  two  systems  of  distribution  of  current 
for  illuminating  purposes.  About  half  the  stations,  namely,  50, 
have  different  systems  of  distribution  for  motors  and  illumination. 

As  regards  power  for  distribution  of  light,  the  120  stations  fur- 
nish us  with  100  cases  thus  divided: 

Voltage:  100-105,  110-115,  120-125,  150-160,  200-210,  220-240. 
A  voltage  of  about  120  volts  is  most  generally  employed. 

As  to  voltage  of  transmission,  here  again  we  must  observe  an 
evident  increase,  for  at  the  present  time  one  plant  (Beznau)   em- 
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ploys  25,000  volts;  two  plants  (Kander,  Vcrnayaz)  employ 
3  6,000  volts;  one  plant,  (Lac  de  Joux)  employs'  12,500  volts,  and 
one  (Knbcl)  employs  10,000  volts.  Then  we  have  eight  with 
8,000-10,000  volts,  all  with  alternating  current.  For  continuous 
current  we  find  one  plant  with  23,000  volts  (St.  Maurice,  Lau- 
sanne) ;  one  plant  with  14,400  volts  (Combe-Garot-La  Chaux-de 
Fonds).  We  find  the  highest  pressure  not  in  a  public,  but  in  a 
private  plant,  that  of  the  Oerlikon  Works,  with  25,000-30,000 
volts,  alternating  current. 

As  for  the  frequency  of  the  alternating  current,  we  see  a  con- 
tinuous improvement.     For  the  principal  plants  we  have: 


Cycles  per  second. 

Cases. 

Total, 

38,  43,  45,  46,  48 

1 

5 

42 

3 

3 

53 

2 

2 

CO,  65,  70 

1 

3 

40 

15 

15 

50 

40 

40 

It  is  to  be  observed  that  the  frequency  of  50  cycles  per  second 
is  becoming  more  general. 

The  statistics,  which  we  have  endeavored  to  make  more  complete 
by  the  data  furnished  us  by  friends,  show  that  the  90  stations 
to  which  these  data  apply  possess  in  all  65,000  wooden  poles,  or 
97  per  cent;  1,200  openwork  iron  poles,  or  1.7  per  cent;  700  sup- 
ports on  buildings,  or  1  per  cent. 

In  the  aerial  circuits  of  100  stations,  we  find  32,000  wooden 
poles,  or  80  per  cent;  8,000  supports  on  buildings,  or  20  per  cent. 

As  regards  the  crossiig  of  railroads  by  wires,  we  find  in  the 
case  of  transmission  lines,  that  108  out  of  120  stations  considered, 
there  are  240  crossings,  or  67  per  cent,  above  railroads;  118  cross- 
ings, or  33  per  cent,  under  railroads.  These  last  crossings  are 
those  of  highest  tension.  Almost  all  these  transmission  lines  have 
lightning  arresters  of  the  horn  type.  Of  distributing  wires  we 
find  290  crossings  of  low-tension  wires,  or  73  per  cent,  above  rail- 
roads and  110,  or  27  per  cent,  under  railroads.  We  have  then, 
in  all,  530  crossings,  or  70  per  cent,  above  railroads  and  228,  or 
30  per  cent,  below. 

The  stations  considered  serve  720  localities.  Those  serving  the 
greatest  number  are:     Montbovon,  58,  3,800  kw;  La  Goulc,  32, 
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1,500  kw;  Hngnock,  31,  3,fi00  kw;  ChaM  St.  Bonis,  25,  400  kw; 
Eanderwerk,  26,  4,500  kw;  Kiiljclwcrk,  24,  2,200  kw;  Geneva,  23, 
13,000  kw;  Eheinfolden,  11  (besides  15  outside  of  Switzerland), 
11,200  kw;  Lac  de  Joux.  20,  5,000  kw. 

The  territory  provided  for  l)y  the  120  stations  is  inhabited  by 
2,300,000  people;  and  for  the  stations  considered  in  the  statistics 
of  the  preceding  year,  we  find  an  increase  of  from  1,000,000  to 
1,300,000. 

The  stations  which  provide  for  a  greater  number  of  inhabitants 
are,  Zurich,  160,000;  Geneva,  120,000;  Bale,  118,000. 

As  regards  the  development  of  the  transmission  lines,  it  should 
be  observed  that  80  out  of  the  120  plants  considered  have  in  aerial 
wires  a  total  length  of  2,800  km,  and  in  underground  wires  a  total 
length  of  240  km ;  so  that  the  total  length  is  3,240  km. 

The  greatest  lengths  are  found  for  the  plants  of:  Kander,  245 
km,  4,000  kw;  Montbovon,  220  km,  3,800  kw;  La  Goule,  150  km, 
1,500  kw;  Hagneck,  130  km,  3,600  kw;  Beznau,  120  km,  5,400  kw; 
Lac  de  Joux,  80  km,  5,000  kw.  Besides  these,  12  plants  have  a 
length  of  line  between  50  and  110  km.  The  maximum  distances 
of  transmission  are  also  on  the  increase,  for  instance,  St.  Maurice, 
60  km;  Montbovon,  55  km;  Kanderwerk,  52  km;  Beznau,  42  km; 
La  Goule,  36  km. 

Also,  for  12  stations  the  maximum  distance  exceeds  20  km 
length  of  line.  We  have  an  average  for  the  120  stations  possess- 
ing transmission  lines  14  km  as  the  greatest  distance.  For  those 
in  operation  the  preceding  year  this  average  was  13  km. 

As  regards  distributing  networks,  90  stations  have  1,500  km 
length  of  line  in  aerial  wires,  and  30  stations  have  460  km  length 
of  line  in  undergi'ound  wires.     The  greatest  lengths  are  as  follows : 

Aerial  Underffround 

wires.  wires.  Total.  Power. 

Montbovon 160  km  0  km  160  km  3800  kw 

Geneva    84  "  83  "  167  "  13,000  " 

Sihlwerk  84  «  0«            84"  1200" 

Zurich  1  "  68  «             69  "  2500  " 

Berne    15  "  58  "             73  «  1200  " 

Bale    0  "  70  "            70  "  1200  " 

Les  Cl(5es 58"  0«             58"  1200" 

As  to  the  relation  between  the  capacity  of  the  station  and  the 
output,  we  have  data  only  for  79  stations,  which  represent  one- 
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half  of  the  power  of  all  the  stations  considered  in  the  statistics 
of  the  Union.  In  these  stations  we  find  employed  for  illuminat- 
ing purposes  an  amount  of  power  equal  to  G80,000  lamps  of  50 
watts  each  —  34,000  kw;  for  heating  apparatus,  2,200  kw;  for 
motors,  33,000  kw;  total,  169,200  kw. 

Comparison  with  the  development  of  the  preceding  year  shows 
that  the  percentage  has  increased  hoth  in  the  case  of  motors  and 
for  illuminating  and  heating  distribution. 

The  normal  output  of  this  group  of  stations  is  80,000  kw;  the 
average  utilization  is  therefore  only  88  per  cent  of  the  capacity; 
but  for  the  whole  of  Switzerland  tliis  figure  will  probably  be  larger, 
for  some  of  the  principal  stations  are  not  included  in  the  group 
considered.  It  will  perhaps  amount  to  100  per  cent,  and  one 
might  consequently  draw  up  the  following  approximate  data  lor 
all  the  stations  of  Switzerland  (kw  178,920)  : 

For  lighting,  53  per  cent,  or  90,000  kw;  apparatus  for  heating, 
3  per  cent,  or  5000  kw:  motors,  44  per  cent,  or  75,000  kw.  Total, 
170,000  kw. 

For  motor  service  we  have  the  following  figures:  Of  the  120 
stations,  20  have  motors  in  service  only  outside  of  illumination 
hours;  31  have  motors  which  may  be  utilized  at  all  times,  includ- 
ing illumination  hours,  and  62  have  motors  of  both  kinds.  The 
number  and  power  of  these  motors  is  as  follows :  4,500  motors, 
39,000  kw,  in  service  at  all  times;  2,700  motors,  8,200  kw,  in  serv- 
ice only  outside  of  illumination  hours;  in  all,  7,200  motors, 
47,200  kw.  The  average  power  of  motors  which  may  be  employed 
at  all  times  without  restriction  is  9.5  kw;  of  motors  which  can  bo 
used  only  in  the  daytime,  4.6  kw. 

The  greatest  average  power  of  the  motors  is  found  in  the  sta- 
tions of  Zurich,  140  kw;  Linthal,  110;  Beznaii.  100.  The  mini- 
mam  average  power  is  at  Sissach-Gelterkindcn,  0.4  kw;  Le  Lode, 
1  lav;  Geneva,  1.2;  Olten-Aarburg  and  Neuchatel,  1.4. 

The  greatest  demand  of  all  lamps  burning  simultaneously  is 
70  per  cent,  or  22,500  kw,  while  the  motors  restricted  to  daylight 
service  require  100  per  cent;  consequently,  the  maximum  poM-er 
of  t]ie  latter  represents  one-third  of  that  used  for  illuniinatinn 
])urposes,  wliile  the  preceding  year  it  represented  one-fourth.  One 
liuds  an  increase  of  considerable  proportion  at  Burgdorf  (440  per 
cent)  ;  at  IJheinfelden  (210  per  cent)  ;  at  Eaux  et  Forets  (116 
per  cent).     Several  stations  begin  to  attach  greater  importance 
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to  the  use  of  current  for  heating  apparatus,  so  that  considerable 
increase  is  found  at  St.  Gall  (224  per  cent) ;  Bale,  rural  district 
(205  per  cent);  Grande  Eau  (IGO  per  cent);  Birseck  (110  per 
cent)  ;  Biel  (120  per  cent)  ;  Burgdorf  (100  per  cent).  The  great- 
est percentage  for  increase  in  capacity  is  found  at  Brugg,  58 ; 
La  Chaux-de-Fonds,  38 ;  St.  Gall,  30   ;Bale,  32 ;  Birseck,  24. 

It  should  be  noted  here  that  the  stations  named  are  not  new, 
but  have  existed  for  many  years;  and  one  finds  an  increase  of  more 
than  10  per  cent  in  a  number  of  stations,  equal  to  one-fourth  the 
total  number. 

For  the  stations  considered  here,  the  number  of  customers  on 
the  30th  of  last  June  was,  for  motors  used  only  during  daylight, 
for  82  plants,  1,500  subscribers;  for  other  motors,  for  80  plants, 
3,000  subscribers;  for  illumination,  for  120  plants.  42,000  sub- 
scribers; for  heating  apparatus,  for  70  plants,  3,000  subscribers. 
The  average  installations  are,  for  lighting,  18  lamps  of  50  watts 
each;  for  heating  apparatus,  0.95  kw;  for  daylight  motors,  4  kw: 
for  other  motors,  13  kw. 

Electric  meters  for  ampere-hours  and  watt-hours  for  continuous 
current  are  employed  in  40  stations,  with  an  increase  of  22  per 
cent;  for  single-phase  alternating  current,  in  50  stations,  with  an 
increase  of  32  per  cent ;  for  polyphase  alternating  current,  in  30 
stations,  with  an  increase  of  16  per  cent.  Time  dials  are  in  34 
plants,  or  22  per  cent. 

Many  plants  have  increased  the  number  of  their  electric  meters, 
such  as  Eheinfelden,  120  per  cent;  Burgdorf,  96  per  cent;  Brugg, 
65  per  cent ;  Hagneck,  65  per  cent.  Even  in  time  dials  it  should 
be  observed  that  there  is  an  increase  of  150  per  cent  at  Coire; 
100  per  cent  at  Berne  and  Oerlikon,  and  75  at  Burgdorf.  But 
the  number  of  time  dials  has,  in  general,  diminished  to  22  per 
cc^nt  of  the  total  number  of  meters,  which  fact  must  be  attributed 
to  the  progTessive  diminution  in  the  price  of  electric  meters. 

In  the  utilization  of  energy  with  relation  to  maximum  capa- 
city and  annual  consumption,  we  have  data  for  only  15  plants, 
not  all  of  the  most  import-ant.  The  data  are  as  follows:  Maxi- 
mum activity  of  plants  in  motor  current,  3,800  kw;  current  for 
illumination,  4,400  kw;  total,  8.200  kw. 

The  annual  activity  of  these  15  plants  would  give  a  total  of 
18,000,000  kw-hours,  which  would  correspond  to  1,380  hours  of 
complete  annual  utilization ;  to  2,350  hours  activity  with  maximimi 
power,  and  1,830  hours  activity  with  normal  power. 
Vol,.  11—14 
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For  the  15  stations  we  have  the  following  distribution: 

Lighting      Joint  serrlct 
MOTORS.  (percent).       (percent). 

For  actual  power  in  kw,  39  per  cent Gl  100 

For  maximum  power,  50  per  cent 57  100 

Annual  power  in  kw-hours,  64  per  cent. ...  36  100 

The  data  of  50  stations  here  considered  show  7  with  a  coefficient 
of  utilization  of  power  above  0.9  and  even  as  high  as  1.0 ;  and 
8  others  with  a  coefficient  of  0.8  and  as  high  as  0.9.  Only  5  sta- 
tions have  a  coefficient  below  0.5;  the  30  others  go  from  0.5  to  0.8. 

The  stations  with  80  per  cent,  or  more  than  80  per  cent,  utiliza- 
tion of  their  power  are  midway  between  the  small  and  medium- 
sized  employing,  however,  as  much  as  1,500  kw.  In  general,  we 
have  a  utilization  of  activity  somewhere  in  the  neighborhood  of 
70  per  cent. 

We  shall  define  coefficient  of  utilization  of  possible  energy  as 
the  ratio  of  the  effective  activity  of  a  station  in  kw-hours  to  that 
whieli  would  have  been  possible  by  using  full  power.  The  stations 
for  which  we  have  this  coefficient  are  24  in  number;  and  the  coef- 
ficient, in  the  case  of  two-thirds  of  the  stations,  varies  between 
one-tenth  and  two-tenths,  and  is  high  only  for  one-third.  For 
5  stations  it  is  as  high  as  50  per  cent  and  even  55  per  cent.  The 
latter  constitute  stations  which  are  specially  situated,  and  condi- 
tioned by  various  factors  which  influence  the  utilization,  e.  g., 
special  tax  on  meters,  and  prices  fluctuating  according  to  season 
(Zug)  ;  many  motors  restricted  to  operation  in  the  daytime  and 
during  the  summer  season  (Sihlwerk,  Les  Cl«Ses)  ;  combination 
of  the  most  intense  light  with  the  maximum  of  water  and  so  forth. 
But,  in  general,  these  figures  prove  that  the  iitilization  of  energ}' 
annually  possible  is  still  less  than  it  should  be,  and  so  it  will  re- 
main so  long  a.s  the  methods  used  up  to  the  present  day  are  adliored 
to.  It  is  tlien  of  the  utmost  importance  to  seek  a  means  of  obtain- 
ing a  liigher  percentage  of  utilization,  and  the  solution  of  the 
problem  will  have  to  be  sought,  on  the  one  hand,  in  a  wider  appli- 
cation of  means  of  storage,  and  on  the  other,  in  new  methods  for 
the  useful  consumption  of  energy. 

Nine-tenths  of  the  installations  of  Switzerland  have  been  made, 
in  so  fa^"  as  the  materials  of  electric  traction  are  concerned,  by  the 
following  large  Swiss  firms:  Brown,  Boveri  &  Co.,  of  Baden 
(Argovie)  ;  Ateliers  de  Construction  d'Oerlikon  (Zurich)  ;  Society 
de  rindustrie   electrique  ct  de  la  Mecanique    (Geneva) ;   Society 
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d'Electricite  Alioth  de  Muenchenstein  (Bale) ;  Schweizerische 
Wagonsfabrik  de  Sehlieren  (Zurich).  The  same  may  be  said  of 
the  installations  now  in  process  of  construction.  It  may  be  added 
that  the  transformation  in  the  traction  system  of  the  principal 
railroads  of  Switzerland — which  have  been  already  bought  up  by 
the  confederation,  or  .will  be  purchased  in  a  short  time  —  will  be 
accomplished  by  these  great  houses,  which  are  now  engaged  in 
experimenting  on  their  own  account,  being  encouraged  and  finan- 
cially assisted  in  these  experiments  by  the  federal  government. 
Among  these  experiments,  those  recently  made  with  great  success 
between  Oerlikon  and  Seebach  by  the  "  Usines  d'Oerlikon "  are 
specially  noteworthy. 

The  turbines  for  hydraulic  installations  have  almost  all  been 
furnished  by  Swiss  houses,  especially  the  following:  Escher-Wyss, 
of  Zurich;  Societe  Anomme  d'Electricite.  formerly  Eieter  &  Co., 
of  Winterthur;  Piccart,  Pictet  &  Cie,  of  Geneva. 

The  operation  of  public  and  private  plants,  especially  with  re- 
spect to  the  safety  of  both  personnel  and  public,  is  regulated  by 
the  Techanical  Inspectorate  of  the  Swiss  Society  of  Electricians. 
This  inspectorate,  which  is  subject  to  the  committee  of  supervision 
of  institutions  controlled  by  the  association,  has  been  financially 
aided  by  the  state  to  the  amount  of  40,000  fr.  a  year,  beginning 
in  February  1S93,  —  the  date  when  the  law  relative  to  electric 
installations  of  both  low-  and  high-tension  current  was  carried 
into  effect.  The  observance  of  this  law  is  entrusted  to  the  care 
of  the  same  inspectorate,  to  which  all  requisite  authority  has  been 
granted. 

One  may  say  that  the  projected  plants  are  innumerable.  Note- 
worthy, particularly,  is  the  one  now  being  studied  for  the  govern- 
ment of  the  canton  of  Zurich  (60,000  hp)  ;  that  of  Poschiavino 
and  of  the  water-power  of  Val  Bregaglia  in  the  Grisons  of  50,000 
hp.  a  part  of  the  power  of  which  is  to  be  exported  to  Italy;  and 
of  the  Eheinfelden  Societv,  which  has  drawn  up  for  the  town  of 
Bale  a  project  for  two  plants,  to  be  situated  on  the  Ehine,  of 
15,000  hp  each.  The  canton  of  Tessin  also  proposes  to  export 
electric  energy  to  Italy,  after  having  secured  from  the  state  the 
right  to  employ  water-powers  still  unused,  following  in  this  the 
example  of  the  canton  of  Fribourg.  The  Chambers  of  the  Con- 
federation, on  the  other  hand,  have  appointed  a  commission  to 
draw  up  a  law  which  gives  to  the  federal  government  the  right 
of  preference  over  all  water-powers  which  it  may  need  for  electric 
traction  on  the  railroads  of  the  state. 
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Discussion. 

Cliairinan  Scott:  A  frequency  of  50,  it  may  be  remarked,  has  been 
selected  by  the  British  standards  committee,  and  proposed  for  the  standard 
for  Great  Britain,  with  25  as  a  lower  frequency. 

Dr.  Louis  Bell,  Secretary:  And  to  that  the  Secretary  should  add  that 
50  was  the  frequency  of  the  first  four  or  five  polyphase  plants  installed 
in  this  country  and  afterwards  the  frequency  was  raised  to  60,  under,  1 
suppose,  the  idea  that  the  old  high-frequency  transformers  could  be  used 
to  advantage  by  not  cutting  down  the  frequency  too  far.  Everybody  who 
tried  them  came  to  grief,  but  although  they  came  to  grief  the  frequency 
was  still  persisted  in,  so  that  we  have  the  curious  and  anomalous  condition 
in  this  country  of  having  a  frequency  of  60  largely  used  for  lighting  and 
power  and  25  instead  of  30  as  a  common  frequency  for  the  large  power 
plants. 

Chairman  Scott:  The  paper  which  has  been  presented  strikes  me  as 
one  of  particular  interest  in  many  ways.  It  shows  the  very  general  use 
of  electrical  energy  from  Mater  power  in  Switzerland,  where  there  are 
probably  more  water-powers  per  square  mile,  and  where  civilization  is 
present  for  utilizing  these  powers,  to  a  greater  extent,  than  is  perhaps 
the  ease  anywhere  else.  The  large  number  of  installations  in  the  rela- 
tively small  country,  the  variety  and  the  types  of  apparatus  used,  as  given 
by  these  statistics,  offer  us  a  good  view,  and  make  a  valuable  paper  for 
a  congress  of  this  kind  as  showing  the  status  and  present  condition  of  work 
in  Switzerland.  I  think  that  some  of  the  points  brought  up  may  suggest 
others  to  you,  and  I  would  be  very  glad  to  have  any  discussion  upon  this 
paper. 

J)r.  F.  A.  C.  Perrine:  In  comparing  Swiss  work  with  work  in  this 
country,  one  of  the  most  notable  features  is  the  high  value  of  the  load 
factor.  There  are  only  five  stations  of  the  entire  list  in  Switzerland  in 
which  the  ratio  of  the  average  to  the  maximum  power  is  less  than  one-half> 
and  there  are  five  stations  mentioned  in  which  the  average  is  above  nine- 
tenths  of  the  maximiun.  In  this  country  I  know  of  but  one  station  in 
which  the  average  is  as  high  as  nine-tenths  of  the  maximum,  and  there  are 
a  considerable  number  of  stations  in  this  country  where  the  load  factor 
is  not  over  thirty  per  cent.  That  indicates  in  Switzerland  a  verj'^  intelli- 
gent user  as  well  as  a  very  careful  manager  of  stations.  A  large  number 
of  motors  are  mentioned  in  this  paper  as  being  operated  entirely  out- 
side of  the  peak  hours  of  the  load;  comparatively  few  station  managers 
in  this  country  have  been  able  to  induce  their  customers  to  realize  the 
importance  of  the  power  from  Avater  to  them  sufficiently  to  induce  them 
to  accept  a  contract  which  insisted  on  their  keeping  entirely  off  the  peak. 
The  voltage  of  transmission  in  reference  to  the  distance  of  transmission 
seems  to  l>e  lower  than  that  used  in  this  covnitry.  The  longest  transmission 
is  about  fifty  miles,  and  the  highest  voltage  about  twenty-five  thousand 
volts.  That  gives  500  volts  per  mile,  and  one  would  judge  from  hearing 
the  statistics,  that  the  average  in  Switzerland  was  considerably  less  than 
'>()()  volf-<  ]iir  mile.  Here,  according  to  the  statistics  presented  by  the 
1  laiisMiiftMon  Coiiiiiiiltce  of  the  Institute,  the  average  voltage  seems  to  be 
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about  (iOO  volts  per  mile,  mihI  nimiiiii;  iij)  to  about  1.000  or  more.  It  is 
also  reniiirkablo  that  Switzcilaiul  iia.s  at  least  four  direct-current  distribu- 
tion plants,  and  in  one  of  these  the  voltage  runs  up  to  3,000  volts  and  in 
one  to  14,000.  The  plant  of  that  character  has  disappeared  entirely  from 
this  country,  although  the  first  long-distance  transmission  plant  that  was 
installed  in  this  coimtry,  so  far  as  I  know,  was  of  this  character,  installed 
by  Mr.  N.  S.  Keith  in  California.  In  general,  our  engineers  have  believed 
tliat  it  was  more  disadvantageous  to  take  care  of  the  high-jjotential  com- 
mutator than  to  meet  such  disadvantages  as  may  occur  with  the  alter- 
nating-current distribution.  The  very  small  average  power  from  the 
motors  is  also  noticeable.  If  I  remember  correctly,  the  average  power  is 
considerably  less  than  ten  horse  power.  In  this  country,  while  w'e  have 
not  the  excellent  statistics  that  are  obtained  by  this  Swiss  society,  obser- 
vation would  lead  one  to  infer  that  the  average  is  considerably  higher, 
and  the  maximum  of  power  for  motors  much  greater.  We  have  in  consider- 
able numbers  cases  at  least  as  high  as  1,000  kw  per  individual  motor, 
Another  noticeable  feature  seems  to  be  that  in  such  a  small  country  as 
Switzerland,  they  have  not  used  the  obvious  advantage  that  would  come 
from  the  inter-communication  and  inter-connection  between  plants.  In 
this  country,  the  plants  that  are  commercially  the  most  successful,  are 
those  having  more  than  one  generating  station,  and  in  which  the  generat- 
ing stations  are  inter-connected,  running  in  parallel  and  aiding  each  other. 
In  a  few  parts  of  this  country  this  has  been  done  even  by  rival  plants.  In 
fact,  the  longest  transmission  that  has  ever  been  used  practically  was 
where,  on  accoimt  of  accident  to  a  station,  power  was  bought  from  a  rival, 
and  transmitted  29G  miles  for  a  considerable  period  during  the  rehabilita- 
tion of  the  station  damaged.  This  advantage  of  the  inter-communication 
of  water-power  stations  has  also  reduced  the  relative  importance  of  the 
steam  auxiliary  which  is  so  marked  in  these  Swiss  examples.  The  large 
amount  of  power  in  reference  to  the  size  of  the  country  is  notable  and  the 
complete  utilization  of  all  possible  water-power  are  the  most  striking 
things  to  an  American  mind  in  reading  these  Swiss  statistics. 

Chairman  Scott:  Can  Mr.  Hutton  give  us  the  total  length  of  circuits 
which  are  connected  together  into  one  general  inter-connected  net-work; 
also  the  maximum  distance  over  which  power  is  transmitted? 

Mr.  R.  S.  Hutton  :  I  haven't  those  figures  accurately.  As  I  I'emember, 
the  total  length  of  the  transmission  circuits  of  the  California  Gas  &  Elec- 
tric Corporation  is  approximately  700  miles.  The  two  largest  stations, 
as  connected  by  the  circuits,  are  about  300  miles  apart.  These,  when  tied 
in  parallel,  would  not  of  course  represent  the  total  length  of  transmission 
of  300  miles,  but  there  have  been  occasions  where  one  plant,  being  some- 
what disabled,  the  length  of  transmission  has  been  somewhat  in  excess 
of  half  the  distance  between  them.  Not  only  have  these  plants  been  tied 
in  parallel,  but  several  others  are  feeding  in  at  various  points  along  the 
line,  generating,  not  only  at  different  voltages,  but  at  a  different  number 
of  phases,  which  are  made  so  that  they  can  be  paralleled  by  transformation. 

Chairman  Scott  then  read  his  address  to  the  Segtion. 
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The  national  and  international  expositions  held  in  America 
mark  certain  fairly  definite  eras  in  electrical  development. 

In  1876,  at  the  Philadelphia  Centennial,  the  telephone  was  an- 
nounced. There  was  a  d}Tiamo  which  could  supply  one  arc  lamp. 
One  of  the  features  of  the  exposition  was  a  great  engine  of 
1000  hp. 

In  1884  an  electrical  conference  Avas  held  in  Philadelphia.  By 
this  time  electric  lighting  was  assuming  commercial  significance. 
There  were  numerous  stations  supplying  arc  lights  and  incandes- 
cent lights.  Some  of  these  were  beginning  to  pay  dividends, 
marking  the  passage  of  the  electrical  industry  from  the  experi- 
mental to  the  commercial  stage.  Generally  speaking,  however,  the 
apparatus  was  crude  and  inefficient,  there  were  few  stationary 
motors,  the  railway  motor  and  the  alternating  current  had  no 
commercial  significance. 

By  1893,  the  year  of  the  Columbian  Exposition  at  Chicago,  elec- 
trical matters  were  assuming  an  extended  engineering  and  com- 
mercial development.  Engine-type  generators  for  alternating  and 
direct  current  were  being  introduced.  The  street-railway  motor 
was  just  beginning  to  operate  cars  heavier  than  the  ordinary  street 
car,  although  the  principal  thoroughfare  in  Xew  York  city  was 
starting  a  cable  road.  Electrical  exhibits  were  in  great  promi- 
nence at  the  exposition,  but,  in  looking  back  over  a  decade,  the 
most  striking  feature  is  that  certain  things  which  are  now  so  com- 
mon were  there  simply  as  exhibits. 

The  rotary  converter  was  a  curiosity  in  1893.  It  began  its  com- 
mercial work  a  few  years  afterward  and  did  not  become  a  very 
important  element  in  electrical  systems  until  four  or  five  years 
later.  In  a  discussion  upon  power  transmission  at  the  Electrical 
Congress  held  that  summer,  an  electrical  engineer  from  California 
made  this  statement:  "I  wish  to  say  definitely  that  to  the  in- 
vestor in  California'  to-day,  the  successful  machine  for  long  dis- 
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tance  transmission  of  power  electrically  exists  only  in  the  minds 
of  the  inventors  and  promoters,  or  in  some  beautiful  advertise- 
ment." There  had  been  in  operation  for  a  few  years  a  single-phase 
transmission  of  about  200  kw  at  10,000  volts  a  distance  of  less 
than  30  miles  for  lighting.  There  were  a  few  plants  transmitting 
powder  by  single-phase  synchronous  motors  at  voltages  of  about  3000. 
Although  polyphase  generators  were  in  use,  there  was  no  plant 
transmitting  polyphase  current  at  high  voltage.  I  remember  dis- 
tinctly a  friend  announcing  to  me  during  the  Congress  that  it  had 
just  been  officially  determined  to  use  polyphase  alternating  cur- 
rent instead  of  direct  current  for  the  ^STiagara  Falls  Power  Com- 
pany. The  contract  for  the  Xiagara  generators  was  closed  several 
months  later.  The  Folsom- Sacramento  transmission,  which  I 
believe  may  be  classed  as  the  first  polyphase  high  voltage  system 
in  America,  was  not  undertaken  until  the  following  year. 

In  the  Congress  of  1904,  the  section  which  has  to  do  with  elec- 
tric power  transmission  deals  therefore  with  a  branch  of  engineer- 
ing which  has  had  its  commercial  development  within  the  past 
decade,  and,  furthermore,  the  great  bulk  of  that  which  has  com- 
mercial value  and  engineering  interest  does  not  date  back  more 
than  half  of  that  time. 

Approximate  statistics  show  that  the  apparatus  manufactured 
by  the  leading  American  companies  for  power  transmission  at 
10,000  volts  or  higher  provides  for  the  transmission  of  approxi- 
mately 1,250,000  hp,  all  by  polyphase  current.  These  striking 
figures  indicate  a  quantitative  or  commercial  development,  which 
is,  however,  no  more  remarkable  than  the  qualitative  or  engineer- 
ing development.  The  elementary  diagram  of  a  power  transmis- 
sion system  with  generator,  raising  transformers,  transmission  line 
and  lowering  transformers  has  been  developed  into  great  systems 
with  many  power-houses,  with  networks  of  high-tension  circuits 
connecting  many  sub-stations,  which  in  turn  have  distributing  cir- 
cuits with  very  exacting  requirements.  Substantially  every  ele- 
ment in  the  system  from  the  generator  shaft  to  the  incandescent 
lamp,  or  motor  pulley,  has  required  the  constant  attention  of  the 
designer  and  engineer.  Generator  and  transformer  design,  types 
of  windings  and  of  insulation,  switchboard,  switches,  instruments, 
protective  apparatus,  insulators,  pins  and  line  construction  have 
all  passed  through  many  stages  of  development  since  the  early 
plants  were  installed.  Each  advance  in  voltage,  each  increase  in 
power,  each  increase  of  distance,  .?ach  station  or  sub-station  added 
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to  a  system  has  increased  former  difficulties  and  has  brought  forth 
new  onis. 

Problems  of  transmission  are  not  problems  which  can  be  solved 
in  the  laboratory  alone.  Apparatus  must  meet  the  precise  con- 
ditions of  operation  and  be  judged  by  experience. 

The  transmission  problem,  moreover,  is  not  one  pertaining  to 
a  single  plant.  The  conditions  of  climate  and  of  service  require- 
ments are  varied.  That  which  is  successful  in  one  place,  and  for 
a  given  kind  of  service,  may  be  wholly  inadequate  elsewhere. 

The  general  engineering  problems  involved  in  high-tension 
transmission  are  not  those  for  the  individual,  but,  broadly  speak- 
ing, they  are  for  the  engineering  profession.  We  will  not  succeed 
by  isolation  but  by  cooperation.  He  who  does  not  contribute  to 
the  general  fund  of  experience  an*d  he  who  does  not  profit  by  the 
experience  of  others  is  narrow  and  short-sighted.  Competition 
and  rivalry  should  not  limit  and  restrict  progress,  but  should  urge 
to  better  attainments.  Eesearch  and  experience,  theory  and  prac- 
tice must  go  hand  in  hand. 

Well  may  we  congratulate  ourselves  upon  the  progress,  both 
quantitative  and  qualitative,  which  has  been  made  in  the  past 
decade,  but  we  have  reached  no  limit,  no  resting  place.  There 
is  ever}'  indication  that  the  growing  applications  and  the  demands 
for  power,  the  enlarging  radius  which  high  pressures  make  prac- 
ticable will  bring  more  diflBcult  and  more  exacting  problems  to 
the  engineer  and  will  lead  to  results  which  in  future  may  make 
our  present  record  simply  the  small  beginnings  of  what  is  to 
follow. 

A  great  impetus  was  given  to  the  polyphase  system  when  it  was 
adopted  by  the  Niagara  Falls  Power  Company  and  the  selection 
of  25  cycles,  a  radical  departure  from  the  practice  and  the  preva- 
lent ideas  of  that  time,  was  efEective  in  making  this  frequency 
a  recognized  standard. 

A  few  facts  in  connection  with  the  power  developments  at 
Niagara  Falls  are  significant  and  typical.  From  the  first,  a  large 
portion,  usually  the  greater  part,  of  the  power  developed  has  been 
consumed  by  processes  or  industries  which  were  not  yet  invented 
or  perfected  at  the  time  that  the  Niagara  development  was  under- 
taken. The  initial  installation  of  the  Niagara  Falls  Power  Com- 
]>jiny  consisted  of  three  generators  with  a  combined  output  of 
1"),000  hp,  although  wheel  pits  were  provided  for  two  more  units. 
The  first  power  was  delivered  commercially  in  1895,  nine  years 
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ago.  Extensions  have  been  rapid.  This  company  has  generaix)r3 
aggregating  over  100,000  hp  installed.  Another  company  is  de- 
veloping 25,000  hp  electrically,  and  plants  are  now  under  active 
construction  for  an  additional  output  of  nearly  500,000  hp. 

]\Iany  of  the  electrical  questions  which  are  of  particular  interest 
at  the  present  time  are  not  broad  and  general,  they  are  spocilie 
and  in  detail,  they  are  with  regard  to  the  particular  type,  or  form 
of  apparatus,  or  method  of  construction.  In  recent  conferences 
with  the  engineers  of  three  transmission  systems  I  found  that  each 
had  a  particular  element  in  his  system  which  was  the  source  of 
most  of  his  trouble,  and  yet,  in  two  of  the  cases  the  elements  most 
liable  to  give  rise  to  trouble  caused  little  or  no  apprehension  in 
either  of  the  other  plants.  The  difficulties  in  one  place  may  not 
be  the  difficulties  in  other  places.  Hence  the  value  of  free  inter- 
change of  experience  and  of  data. 

A  recent  writer  has  said  that  the  cost  of  a  great  exposition  might 
well  be  borne  by  the  general  government  as  there  would  be  value 
returned  through  the  indirect  impetus  given  to  its  citizens.  Even 
from  the  inspiration  given  to  a  single  individual  there  might  come 
results  which  would  justify  the  whole  cost.  We  have  come  to- 
gether for  interchange  of  information  and  of  ideas.  Fortunate 
will  we  be  if,  supplementing  the  mutual  helpfulness  and  assistance 
which  is  sure  to  follow,  there  may  be  also  an  outlining  and  con- 
sideration of  the  problems  of  the  future.  It  is  well  to  look  to 
the  details  of  our  present  apparatus  and  systems,  we  must  be  awake 
also  to  the  discovery  of  things  which  are  radically  new  in  mate- 
rials, in  design,  in  method,  which  may  better  solve  the  problems 
we  now  have  and  wliich  may  enable  us  to  enter  into  new  fields. 

Discus  sio?f. 

Chairman  Scott:  Let  me  speak  a  word  on  behalf  of  the  officers  of  this 
Section.  I  think  the  first  power  transmission  which  can  be  considered 
broadly  electric  power  transmission  on  a  fairly  long-distance  and  definite 
scale  was  the  one  at  Telluride,  Colorado,  a  100-hp.  motor  operated  over  a 
few  miles  at  3,000  volts.  It  was  my  privilege  to  have  much  to  do  with  the 
designing  and  arrangement  of  the  apparatus  and  system  for  that  operation, 
BO  that  I  think  I  take  a  just  pride  in  having  had  something  to  do  with 
the  first  American  power-transmission  system.  Dr.  Bell,  our  secretary, 
was  at  the  World's  Fair  in  Chicago  on  the  occasion  to  which  I  referred ; 
he  was  on  his  way  to  Redlands,  Cal.,  to  put  in  operation  the  Redlands 
plant,  which  transmitted  three-phase  currents  at  twenty-five  or  twenty-six 
hundred  volts  for  a  distance  of  eight  miles,  and  was  at  the  time  the  largest 
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j)o\ver  transmission.  A  little  later,  I  think  the  next  year,  it  .vas  he,  if  I 
am  correct,  who  started  the  Folsom-Sacramento  plant  which  I  aave  classed 
as  the  first  real  polyphase  high-tension  transmission  plant.  S(  that  among 
your  officers  you  have  the  pioneers  in  the  business. 

Dr.  F.  A.  C.  Perbine:  What  was  the  date  of  the  Standard  Consolidated 
Plant  of  Bodie? 

Chairman  ScoTT:  At  Bodie,  Cal.,  a  plant,  practically  a  duplicate  of 
the  Teiiuride  plant,  Avas  put  in  operation  in  1892  or  the  beginning  of  1893. 

Dr.  Bell:  A  few  words  in  reference  to  the  early  state  of  the  art  may 
possibly  be  of  interest  to  some  of  the  members.  I  remember  very  well  the 
first  start  at  polyphase  alternating-current  transmission.  It  was  in 
1892  when  the  two  great  rival  companies  were  competing  commercially, 
and  both  of  them  struggling  with  the  possibilities  of  transmission.  I  re- 
member coming  that  year  to  take  charge  of  transmission  work  for  the 
General  Electric  Co.  and  finding  as  a  heritage  a  contract  in  Walla 
Walla,  in  the  state  of  Washington,  for  a  transmission  of  five  miles,  to  the 
amount  of  about  150  horse-power.  At  that  time,  1892,  we  were  practically 
lacking  in  this  country  any  means  of  doing  that  work.  The  heritage  had 
come  in  the  form  of  a  contract  for  high-voltage  direct-current  machines 
and  there  was  at  that  time  in  America  no  manufacturer  who  would  tackle 
the  proposition  of  making  150  horse-power  direct-current  machines  to 
transmit  power  five  miles  at  any  kind  of  efficiency.  Tlie  proposition  as 
originaHy  brought  before  me  included  a  2000-volt  machine  and  there  was 
not  a  maker  in  this  country  who  dared  wrestle  with  building  a  2000-volt 
machine  of  that  capacity.  The  contract  nad  to  be  filled,  and  I  remember 
almost  the  first  thing  I  had  to  do  in  taking  hold  of  that  transmission  work 
was  to  find  some  way  of  getting  out  of  the  difficulty,  which  was  done  by 
using  a  single-phase  lighting  machine,  150  kw,  at  each  end,  and  starting 
the  synchronous  motor,  which  took  all  the  power,  by  means  of  throwing 
the  exciters  of  the  two  machines  at  extra  high-voltage  upon  the  line  and  so 
getting  up  speed.  That  plant  may  be  running  yet;  it  was  running  up  to 
three  or  four  years  ago.  By  the  next  year,  progress  had  been  rapid  and  the 
three-phase  generators  were  worked  out  so  that  that  first  Redlands  plant 
was  sold  in  February  or  March,  1893,  and  got  installed  just  after  the 
Electrical  Congress,  without  any  considerable  difficulty.  On  that  occasion, 
I  believe,  two  three-phasers  were  commercially  worked  in  parallel  for  the 
first  time.  The  plant  was  sold  under  a  guaranty,  stimulated  by  the  engi- 
neers of  the  company  of  which  our  honored  president  has  long  been  the  elec- 
trical light;  a  guaranty  that  required  operating  in  parallel,  and  I  think 
there  was  a  doubt  that  lingered  in  the  minds  of  a  good  many  people  as 
to  whether  it  could  be  done.  A  time  came  when  both  generators  were 
installed  and  the  president  of  the  company  rode  up  through  the  canyon  on 
a  short  hunting  trip,  and  as  he  went  through  the  station,  and  saw  the 
preparations  made  for  paralleling  the  machines,  suggested  that  he  would 
like  to  see  that  guaranty  fulfilled  then  and  there.  I  remember  taking  — 
not  my  life  but  my  nerve  in  my  hands,  and  parallelizing  then  and  there 
the  machines,  and,  for  a  wonder,  they  went  together  without  the  slightest 
difficulty.  I  say,  for  a  wonder  —  I  knew  from  experiments  in  the  labora- 
tory they  must  go  together,  and  1  knew  perfectly  well  when  they  were 
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synchronized  tliey  would  go  together,  but  confidentially,  I  may  be  hero 
justified  in  saying  that  the  next  two  or  three  times  we  tried  to  parallel 
those  machines  there  was  trouble.  That  was  the  first  of  the  American 
polyphase  plants,  if  I  possibly  except  a  pair  of  little  generators  which 
were  then  running  in  Concord,  N.  H.,  aggregating  70  kvv  or  35  kw  apiece. 
They  were  machines  which  had  been  remodeled  from  the  old  single-phasers 
and  had  surface-wound  armatures,  giving  500  volts  or  thereabouts,  and  the 
history  of  the  installation  of  those  two  machines  may  be  of  interest. 
Another  contract  had  been  taken  and  was  passed  on  to  me  at  the  same 
time,  to-vvit:  in  1892, —  a  proposition  for  transmitting  power  five  miles, 
in  Concord,  N.  H.,  for  the  purpose  of  running  small  motors.  Tliat  con- 
tract had  been  closed  with  the  specification  of  using  two  500-volt  generators 
connected  on  a  three-wire  system.  After  much  labor  I  succeeded  in  pur- 
suading  the  agents  and  the  buyers  to  the  point  of  using  three-phase 
apparatus.  Some  of  the  three-phase  motors  were  delivered  and  it  was 
necessary,  prior  to  the  installation  of  the  large  machines,  which  was 
waiting  the  completion  of  the  dam,  to  do  something  toward  supplying 
customers  with  motors.  The  company  did  not  desire  to  put  in  any 
more  500-volt  continuous-current  motors,  so  two  or  three  —  three,  I 
think,  —  polyphase  induction  motors  —  the  first  in  commercial  use  in 
this  country  —  were  shipped  up  there  and  the  two  little  generators 
were  sent  up  after  them  and  installed  in  a  steam-driven  station.  Those, 
I  believe,  were  actually  the  first  polyphase  machines  which  were  in 
use  in  this  country.  Somewhat  later,  another  interesting  plant  was 
installed,  in  Taftville,  Conn.  It  was  a  duplicate  of  the  Redlands  plant, 
practically,  on  a  five-mile  transmission,  which  is  not  at  all  notable 
but  at  least  interesting  as  being  the  first  transmission  for  driving  rail- 
way generatoEs  for  street-car  service.  They  were  driven  in  connection 
with  other  mnl  machinery  by  a  250-hp.  synchronous  motor,  the  synchronous 
motor  having  auxiliary  windings  in  the  field  and  being  started  as  an 
induction  motor.  In  connection  with  that  plant  some  of  the  early  diffi- 
culties are  forcibly  brought  to  mind.  There  were  no  insulators  at  that  time 
adequate  for  use  as  pull-ofi"  insulators  in  keeping  up  the  line,  and  during 
one  whole  afternoon  we  ran  the  railway  and  the  mills  of  1,700  looms  with 
arcs  breaking  every  few  minutes  across  the  insulators  at  the  end  of  the 
line,  while  an  industrious  assistant  of  mine,  perched  on  an  enormous  pile 
of  dirt  which  had  been  accumulated  in  the  excavation  of  the  tailrace,  was 
making  (to  use  a  Hibernianism)  snow-balls  out  of  the  dirt  and  throwing 
them  at  the  insulators  to  break  the  arcs.  Such  were  some  of  the  asperities 
with  which  we  had  to  contend  in  the  very  early  days,  but  those  days  were, 
providentially,  soon  ended. 

Mr.  E.  KiLBUBN  Scott  :  There  is  an  impression  in  Europe  that  the 
adoption  of  the  polyphase  alternating  current  at  Niagara  followed  directly 
from  the  success  of  the  Tivoli-Rome  installation.  I  remember  going  down 
to  see  that  particular  plant  soon  after  it  was  started,  about  1892,  and  on 
signing  the  register,  I  remember  seeing  the  names  of  the  members  of  the 
Niagara  commission.  I  really  believe  that  the  instant  and  complete  suc- 
cess of  that  particular  installation  had  great  weight  with  them.     We  have 
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not  much  to  show  in  England  in  transmission  of  power,  in  the  early  days, 
but  perhaps  I  may  be  allowed  to  remind  you  of  the  pioneer  work  of  Fer- 
ranti,  when  he  transmitted  power  by  alternating  currents  from  Deptford 
to  London,  eleven  miles  at  10,000  volts.  He  proved  that  it  was  possible 
to  transmit  power  at  such  a  high  pressure  through  underground  insulated 
cables.  That  was  a  very  important  thing  for  us  to  know.  We  were  not 
then  allowed  to  run  bare  high-pressure  wires.  Our  Board  of  Trade  is  much 
more  reasonable  now,  I  am  glad  to  say. 

Mr.  Scott  has  mentioned  that  a  large  amount  of  transmission  work  has 
been  done  within  the  last  five  years,  and  especially  on  the  Pacific  coast. 
Is  not  this  traceable  to  the  peculiar  geographical  advantages  there*  The 
very  high  falls  enable  you  to  use  the  tangential  Avater  wheel,  which  is 
the  most  beautifully  simple,  as  well  as  the  cheapest,  prime  mover  in  the 
world.     The  steam-turbine  cannot  compare  with  it. 

I  am  now  engaged  on  a  plant  in  North  Wales,  where  we  are  using  power 
from  a  lake  on  Mount  Snowdon,  and  we  have  a  fall  there  of  1150  feet; 
but  I  do  not  know  of  such  another  case  in  Great  Britain.  There  are  two 
or  three  others  of  900  feet;  but  they  require  expensive  hydraulic  works 
to  develop  them.  When  I  came  to  work  out  the  details  of  the  Snowdon 
plant,  I  was  specially  struck  with  the  simplicity  of  a  plant  driven  by 
high-pressure  tangential  water-wheels.  W'ith  high  falls,  tlie  water  is  gen- 
erally pure  and  free  from  sand,  as  well  as  from  organisms  that  cause 
growth  in  pipes.  On  low  falls,  the  water  is  much  more  likely  to  contain 
organisms,  and  machines  have  had  to  be  invented  to  scrape  out  the  pipes. 
On  the  Pacific  coast  you  have  pure  water,  in  some  cases  from  glacial 
streams,  and  the  reason  why  so  much  power  transmission  has  centered 
there  is  largely  due  to  those  high  falls. 

Chairman  Scott  :  The  last  speaker  mentioned  one  of  the  geological  con- 
ditions which  has  favoi-ed  our  transmissions  in  California,  namely,  the 
mountain  ranges  and  the  high  falls.  There  is  another  which  I  think  has 
been  equally  favorable  to  water-power  development,  and  that  is  the  lack 
of  coal.  The  cost  of  fuel  is  high  and  water-power  is  resorted  to  as  a 
necessity.  I  noticed  when  the  pure  water  of  California  was  mentioned  as 
being  the  only  thing  to  be  found  there,  that  our  friend  Mr.  Hutton  looked 
a  little  dubious.  He  appeared  to  be  rather  surprised  at  so  general  a 
statement. 

Mr.  R.  S.  Hutton:  Regarding  the  pureness  of  the  water,  Mr.  Chairman, 
in  the  winter  time,  as  in  any  other  good  country,  we  have  rain.  While 
our  rainy  season  is  rather  short  we  have  a  fair  share  of  it.  A  good  many 
of  our  plants  are  located  at  points  well  down  on  the  sides  of  the  mountains, 
and  above  such  points  in  earlier  times  the  sides  of  the  mountains  have  been 
considerably  gouged  out  by  the  hydraulic  mining  processes.  This  has 
filled  up  a  great  many  of  the  gulches,  and  left  much  debris,  which  the 
high  water  has  gradually  brought  down,  a  little  at  a  time,  until  we 
iiave  in  connection  with  our  flumes  found  it  necessary  to  install  a  very 
elaborate  system  of  sand-catching  basins,  and  methods  of  taking  care  of 
the  conditions  existing.  Some  of  the  original  water-wheels  installed,  due 
to  the  earlier  imperfect  design  and  construction,  gave  considerable  trouble 
in  the  matter  of  cutting  of  tlie  buckets  and  parts  with  which  the  water 
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came  in  contact.  This  to-day  has  been  considerably  overcome,  so  that 
our  wheels  give  us  very  little  trouble  from  grit  that  may  be  in  the  water. 
Tlie  nozzles  still  get  some  of  the  effects  of  the  cutting,  but  this  is  a  small 
matter  and  is  easily  taken  care  of.  Speaking  about  the  high  heads  we 
have,  just  a  few  days  before  I  left  California,  we  put  in  operation  a 
5000-kw  unit  which,  together  with  its  water  wheel,  forms  a  very  simple 
and  compact  design,  simply  a  two-bearing  unit,  with  water  wheel  over- 
hanging. This  unit  operates  at  a  speed  of  400  revolutiojis  per  minute. 
The  head  of  water  used  is  1,600  feet  and  sufficient  power  is  derived  from 
this  to  drive  the  generator  at  considerable  over  load  with  a  six-inch  nozzle. 
This,  as  I  say,  was  just  put  in  operation  a  few  days  before  I  left,  and 
we  of  course  do  not  know  precisely  what  the  result  is  going  to  be;  but 
from  former  experience  with  other  units,  slightly  smaller,  we  feel  that  we 
shall  not  have  a  large  amount  of  trouble. 

Mr.  W.  L.  Waters  :  As  modern  power  transmission  usually  means 
three-phase  transmission,  I  think  Mr.  Kilburn  Scott  made  statements  which 
were  to  the  point  when  he  called  attention  to  the  fact  that  the  original 
polyphase  work  was  done  on  the  other  side  of  the  Atlantic.  The  first 
polyphase  transmission  on  a  commercial  scale  was  the  Lauffen  transmis- 
sion at  the  Frankfort  Exposition  in  1891,  where,  I  think,  150  hp  was  trans- 
mitted 100  miles,  at  about  30,000  volts.  The  work  done  in  the  next  few 
years  was  really  single-phase  work,  and  I  think  I  am  right  in  saying  that 
both  the  Telluride  and  the  Tivoli-Rorae  plants  were  single-phase.  It  was 
really  three  or  four  years  later  that  the  Niagara  Falls  transmission  was 
started  iip,  making  the  first  large  important  polyphase  transmission  in 
this  country.  Certainly  Mr.  C.  E.  L.  Brown  deserves  the  credit  of  the 
pioneer  work  in  polyphase  transmission,  and  of  showing  that  it  was  capable 
of  commercial  success. 

Chairman  Scott :  I  should  have  limited  my  comment  here  to  work  in 
America ;  I  had  that  in  mind,  and  in  not  discussing  foreign  work  I  did 
not  mean  to  belittle  it.  I  Avill  add  that  limitation  in  the  paper.  If  there 
is  no  further  discussion  we  will  adjourn  until  tomorrow  morning. 


TUESDAY  MORNING  SESSION,  SEPTEMBER  13,   190.5. 

The  Section  was  called  to  order  by  Chairman  Scott  at  9:30  a.  m.  The 
first  paper  was  read,  by  Mr.  J.  S.  Peck,  on  '•  The  High-Tension  Transformer 
in  Long-Distance  Power  Transmission." 


THE  HIGH-TENSION  TRANSFORMEE  IN  LONG- 
DISTANCE POWER  TRANSMISSION. 


BY  JOHN  S.  PECK. 


The  development  of  the  high-tension  transformer  has  been  one 
of  tlie  great  factors  in  the  growth  of  long-distance  power  trans- 
mission which  has  occurred  during  the  past  decade.  At  the  begin- 
ning of  this  period  there  were  practically  no  transformers  in  com- 
mercial service  of  a  capacity  as  great  as  100  kw,  or  of  a  voltage 
exceeding  10,000,  Today  there  are  in  America  approximately 
10,000  transformers  of  capacities  ranging  from  100  to  1:^,500  kw^ 
wound  for  pressures  of  10,000  to  60,000  volts.  This  development 
in  high-voltage  transformers  is  a  direct  result  of  a  commercial 
demand  for  apparatus  capable  of  transmitting  larger  and  larger 
amounts  of  power  over  longer  and  longer  distances. 

At  the  beginning  of  this  period  of  long-distance  power  develop- 
ment there  was  no  past  experience  in  high-voltage  work  upon  which 
to  base  the  designs  of  new  lines  of  apparatus.  Little  was  known 
of  the  characteristics  of  insulating  materials  and  few  materials 
which  had  proven  satisfactory  even  for  low  voltages  were  available. 
Of  the  nature  of  the  strains  produced  by  lightning  discharges,  by 
switching,  or  by  other  static  disturbances,  nothing  was  known. 
Thus,  the  designer  was  forced  to  start  upon  the  development  of  an 
entirely  new  class  of  apparatus,  Avith  no  guide  for  his  direction 
save  his  own  good  judgment.  Under  such  conditions  it  is  not  to 
be  wondered  that  mistakes  were  made,  or  that  some  trouble  has* 
Ijoen  encountered  with  high-voltage  apparatus,  but  rather  that  the 
number  of  such  mistakes  Were  so  few  and  that  the  amount  of 
trouble  has  been  so  small.  The  development  of  the  transfonmn- 
may  be  said  to  have  progressed  without  interruption  from  the  small 
and  crude  units  of  ten  years  ago  to  the  large  and  highly  perfected 
ones  of  today.  One  of  the  remarkable  features  of  this  develop- 
ment is  the  fact  that  on  account  of  the  rapidly  increasing  demand 
for  units  of  larger  size  and  higher  voltage,  it  was  not  possible  to 
wait  for  results  which,  under  a  more  gradual  development,  would 
have  bc^n   obtained    from   the  actual   operation   of  transformer* 
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already  manufactured;  and  so  rapidly  were  designs  and  manufac- 
turing methods  changing  that  a  transformer  was  often  out  of  date 
before  there  was  time  for  any  inherent  weakness  to  develop. 

The  state  of  the  art  of  transformer  manufacture  has  advanced 
to  such  a  point  that  today  the  design  of  a  60,000-volt,  2,500  kw 
transformer  is  undertaken  with  a  far  greater  assurance  of  success 
than  was  felt  ten  or  twelve  years  ago  in  the  design  of  a  small  2,000- 
volt  unit.  An  idea  of  this  development  may  be  obtained  from  the 
accompanying  table,  which  is  made  up  from  the  records  of  one  of 
the  largest  electrical  manufacturing  companies.  The  transformers 
included  in.  this  list  are  all  used  for  high-voltage  transmission,  and 
it  is  of  interest  to  note  that  the  5,130  transformers  represent  an 
aggregate  capacity  of  1,059,838  kw — nearly  1,500,000  hp — the 
average  size  of  unit  being  210  kw. 

Output  of  H igli-V oltag e  Transformers  Made  hy  Westinghou^e 
Electric  &  Manufacturing  Couipany  from  1S92  to  1903, 
inclumve. 

No.  of  Maximum 

trans-  Output  Maximum  capacity 

Year.  formers.  kw.  voltage.  liw. 

1892 65  406  10,000  10 

1893 19  272  3,000  19 

1894 68  1,720  10,000  100 

1895 78  4,215  10,000  200 

1896 150  12,820  15,000  750 

1897 165  21,091  30,000  850 

1898 387  49,719  30,000  500 

1899 662  119,492  33,000  1,875 

1900 492  171,646  50,000  2,750 

1901 997  201,475  50,000  1,000 

1902 985  248,983  50,000  2,200 

1903 971  228,000  60,000  2,500 


Totiil 5,039    1,059,838  . .'. 

Transformers  for  long-distance  transmission  may  be  divided  into 
two  general  classes :    oil-insulated,  and  air-blast. 

The  oil-insulated  transformers  may  be  again  divided  into  two 
general  classes:   self-cooling,  and  artificially  cooled. 

Practically  all  transformers  are  of  the  shell  type  of  construc- 
tion. 

The  working  parts  of  the  different  classes  of  transformers  are  in 
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general  similar,  the  principal  difference  being  in  the  external  case 
or  housing.  In  all  types  the  winding  is  made  up  of  a  number  of 
thin  flat  coils,  wound  with  a  flat  ribbon  and  with  one  turn  per 
layer.  These  coils  are  assembled  side  by  side  and  separated  by 
insulating  barriers  and  by  spacing  blocks,  which  permit  a  circula- 
tion of  oil  or  air  between  them.  The  magnetic  circuit  is  built  up 
of  laminations  of  specially  selected  and  treated  sheet  steel.  These 
laminations  are  securely  held  in  place  by  end-frames  surrounding 
the  ends  of  the  coils,  and  are  held  together  by  suitable  bolts  and 
Waces.  The  case  or  housing  is  adapted  for  oil  or  air  cooling  as  is 
required. 

It  lias  been  found  that  in  high-potential  transformers  there  is, 
under  certain  conditions,  an  accumulation  of  the  full  line  potential 
upon  a  few  turns,  so  that  for  successful  operation  it  becomes  neces- 
sary to  insulate  the  turns  one  from  another  in  the  most  thorough 
and  careful  manner.  The  method  of  winding  coils  with  one  turn 
per  layer  affords  an  excellent  means  of  accomplishing  this  result, 
as  each  turn  can  be  insulated  from  every  other  one  to  any  desired 
extent.  A  coil  of  this  type  has  also  comparatively  few  turns,  so 
that  a  number  of  these  coils  are  required  for  making  up  the  total 
winding;  thus  the  voltage  on  any  one  coil  is  reduced  and  the  adja- 
cent coils  may  be  insulated  from  each  other  with  insulating  bar- 
riers of  any  desired  thickness. 

In  order  to  keep  down  the  reactance  of  the  transformers,  the 
primary  and  secondary  coils  are  interlaced  and,  in  general,  the 
larger  the  transformer  the  more  frequently  are  the  coils  interlaced. 

In  the  construction  of  large  transformers,  the  coils  are  very 
heav}^  and  in  order  that  they  may  be  thoroughly  ventilated,  it  is 
necessar}'  that  their  thickness  be  reduced  to  a  minimum.  Thus  the 
problem  of  mechanically  supporting  them  becomes  a  serious  one, 
and  in  the  design  of  such  transformers  the  working  out  of  the 
electrical  design  is  a  simple  problem  compared  with  that  of  design- 
ing proper  methods  for  insulating  and  supporting  the  coils,  so  that 
they  cannot  become  displaced  or  injured  by  electrical  or  mechanical 
forces.  On  certain  large  high-voltage  transformers  it  is  interest- 
ing to  see  the  ingenious  methods  which  have  been  worked  out  for 
mechanically  supporting,  for  insulating  and  ventilating  the  wind- 
ings. 

The  oil-insulated  self-cooling  transformer  is  wound  for  voltages 
as  high  as  desired  and  for  capacities  as  great  as  500  kw.  This 
transformer  depends  for  its  cooling  upon  radiation  from  tlie  sur- 
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face  of  the  case  in  which  it  is  mounted.  The  only  satisfactory 
case  yet  devised  for  a  seli'-cooling  tr.ms former  of  hirge  size  is  one 
ir.ade  of  heavy  shc^t  iron,  corrugated  in  such  a  manner  as  to  give 
a  very  largo  exposed  surface.  The  corrugated  cases  are  mounted 
either  in  an  angle-iron  framework  or  with  the  sides  set  into  a  cast- 
iron  base.  A  cast-iron  top  is  usually  provided  and  in  this  are 
placed  suitable  bushings  for  the  primary  and  secondary  leads.  The 
self-cooling  transformer  has  one  great  advantage  .over  all  other 
types,  in  that  no  extraneous  devices  are  required  for  cooling,  so 
that  when  once  installed  it  will  operate  indefinitely  with  practically 
no  attention. 

The  capacity  of  the  self-cooling  transformer  is  limited  to  approx- 
imately 500  kw.  For  greater  capacities  than  this,  the  cost  and 
dimensions  of  the  case  become  excessive. 

For  many  classes  of  service  where  no  attention  can  be  given  to 
the  apparatus,  the  self-cooling  transformer  is  the  only  satisfactory 
type.  This  promises  to  be  the  case  in  single-phase  railway  work, 
where  one  or  two  transformers  will  be  installed  in  out-of-way  sub- 
stations, or  perhaps  in  certain  cases  on  poles  where  inspection  can 
be  made  at  rare  intervals  only. 

The  oil-insulated  artificially  cooled  transformer  may  be  wound 
for  any  voltage  and  for  any  desired  capacity.  Its  construction 
differs  from  that  of  the  oil-insulated  self-cooled  transformer  prin- 
cipally in  the  form  of  case  and  in  the  cooling  devices.  A  number 
of  different  methods  have  been  proposed  and  tried  for  carrying  off 
the  heat,  but  one  method  is  now  almost  always  used.  This  consists 
in  forcing  or  siphoning  water  through  coils  of  brass  or  copper  tub- 
ing placed  inside  the  transformer  case  below  the  surface  of  the  oil. 
This  method  of  cooling  is  the  most  simple  and  direct  of  any  of  tlie 
artificial  cooling  systems. 

The  case  for  containing  the  oil  is  usually  made  of  boiler-plates 
riveted  and  caulked.  A  cast-iron  case  and  cover  are  provided  and 
the  terminals  of  the  water  cooling  coils  and  the  leads  from  the 
primary  and  secondary  windings  are  carried  through  this  cover. 

Another  system  of  cooling,  used  to  a  limited  extent,  consists  in 
drawing  the  hot  oil  away  from  the  transformer  tanks,  circulating 
it  through  a  cooling  coil  which  is  immersed  in  running  water,  and 
then  returning  the  cooled  oil  to  the  transformer  case.  The  circula- 
tion is  maintained  by  means  of  a  small  motor-driven  pump.  The 
advantage  of  this  system  over  the  first  one  mentioned  is  that  in  case 
of  a  leak  in  the  cooling  system  the  oil  will  escape  into  the  water 
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instead  of  the  water  into  the  oil;  hut  as  there  are  very  few  cases 
on  record  where  trouble  has  resulted  from  leaky  water-coils,  this 
advantage  does  not  seem  to  be  of  great  moment.  To  offset  this 
single  advantage,  a  pump,  a  motor,  a  cooling  tank  and  a  system  of 
oil  piping  are  required  for  the  cooling  system,  and  there  is  the 
possibility  that  should  a  deposit  form  in  the  oil  it  will  gather  on 
the  inside  of  the  tubes  and  prevent  the  circulation  and  cooling  of 
the  oil. 

The  air-blast  transformer,  as  its  name  implies,  is  one  in  which 
the  cooling  is  accomplished  by  means  of  a  forced  draught  of  air. 
It  may  be  wound  for  pressures  not  exceeding  approximately  33,000 
volts,  in  units  of  any  desired  capacity. 

The  transformer  proper  is  mounted  in  a  cast-iron  housing,  so 
an-anged  that  air,  which  is  admitted  at  the  base,  may  pass  through 
the  cooling  ducts  between  the  coils  and  through  those  in  the  iron. 
Two  separate  air-passages  are  provided,  one  for  cooling  the  coils 
and  the  other  for  cooling  the  iron.  Dampers  are  arranged  for  con- 
trolling the  air  in  either  passage.  The  transformers  are  usually 
placed  above  an  air-chamber  in  which  a  pressure  usually  less  than 
one  ounce  per  square  inch,  above  the  surrounding  air,  is  main- 
taine'd.  The  air  is  supplied  from  large  steel-plate  fans,  which  are 
usually  directly  connected  to  induction  motors.  The  power  re- 
quired for  cooling  is  small,  being  usually  one-tenth  to  one-fourth 
of  one  per  cent  of  the  transformer  capacity. 

On  account  of  the  difficulty  of  eliminating  static  discharges  over 
the  surfaces  of  the  coils  of  the  air-blast  transformer,  it  has  been 
found  impractical  to  use  this  type  of  construction  for  pressures 
exceeding  approximately  33,000  volts,  and  the  greatest  success  has 
been  obtained  at  voltages  not  exceeding  20,000. 

During  the  past  year,  a  considerable  amount  of  discussion  has 
occurred  regarding  the  relative  fire  risks  of  oil -insulated  and  air- 
blast  transformers.  The  general  results  brought  out  seem  to  indi- 
cate that  so  far  as  actual  damage  to  the  transformer  itself  is  con- 
cerned, either  by  internal  or  external  heat,  the  risk  is  much  greater 
with  the  air-blast  transformer  than  with  the  oil-insulated  type. 
This  greater  risk  of  the  air-blast  transformer  results,  not  only 
from  the  more  inflammable  nature  of  its  insulation,  but  also  on 
account  of  the  presence  of  the  air  blast,  which  tends  to  increase 
the  rate  of  combustion,  as  well  as  by  the  open  construction  necessi- 
tated by  the  method  of  cooling. 

In  the  oil-insulated  transformer,  the  oil  cannot  be  ignited  unless 
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it  is  first  raised  to  a  very  liigh  temperature.  Oil  also  acts  as  an 
extinguislier  of  arcs  wliich  occur  below  its  surface,  and,  if  the  trans- 
former is  inclosed  in  a  tight  case,  the  oil,  even  if  ignited,  cannot 
continue  to  burn,  on  account  of  lack  of  fresh  air. 

There  is,  however,  a  danger  incident  to  the  operation  of  the  oil- 
insulated  transformer  which  is  due  to  the  fact  that  oil-vapor, 
when  mixed  with  the  proper  proportion  of  air,  forms  an  explosive 
mixture,  which,  becoming  ignited,  may  burst  the  containing  case 
and  pennit  the  oil  to  escape.  With  large  transformers  it  is  now 
customary  to  use  a  practically  air-tight  case,  sufficiently  strong  to 
withstand  an  internal  pressure  of  approximately  100  pounds  per 
square  inch,  which  is  probably  in  excess  of  any  pressure  that  can 
actually  be  obtained.  In  large  transformer  installations,  each 
transformer,  or  each  group  of  transformers,  is  often  placed  in  a 
vault  or  pit,  which  is  properly  drained  and,  in  event  of  a  case  being 
damaged  by  external  causes  so  that  oil  escapes,  it  will  not  spread 
about  the  station  floor,  but  be  carried  away  by  the  drain. 

With  every  precaution  taken,  the  presence  of  large  quantities  of 
oil  must  constitute  a  certain  fire  risk,  and  for  this  reason  it  has 
become  the  general  prac^;ice  to  specify  air-blast  transformers  for 
use  in  sub-stations  which  are  located  in  thickly  populated  portions 
of  large  cities.  Such  transformers  are  usually  wound  for  6,000  to 
15,000  volts,  for  which  pressures  the  air  blast  transformer  is  well 
adapted.  For  very  high  voltages,  it  is  of  course  necessary  to  use 
oil-insulated  transformers,  taking  such  precautions  in  their  in- 
stallation, as  to  reduce  to  a  minimum  the  danger  to  surrounding 
buildings  or  apparatus. 

A  method  for  reducing  the  fire  hazard  of  the  oil-insulated  trans- 
former which  has  been  used  to  a  limited  extent,  consists  in  placing 
the  transformer  in  a  tight  case  with  a  vent-pipe  connected  to  the 
top  of  the  dome-shaped  cover.  At  the  bottom  of  the  case  a  con- 
nection is  made  with  tlie  water-mains,  so  that,  in  case  of  necessity, 
water  can  be  admitted  at  the  bottom  of  the  case,  driving  out  the 
oil  through  the  top  vent  and  leaving  the  case  filled  with  water. 
The  vent  may  be  connected  with  a  sewer,  or  with  a  suitable  tank 
for  receiving  the  oil. 

A  mineral  oil  is  used  in  transformers.  It  should  have  a  fire-test 
of  not  less  than  200  deg.  C;  its  evaporation  at  normal  running 
temperatures  should  be  negligible;  it  should  be  free  from  acids, 
alkalis,  water  or  sulphur  compounds,  and  should  show  no  deposit 
at  the  maximimi  operating  temperature  of  the  transformer. 
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In  Europe,  the  throe-phase  transformer  has  been  very  extensively 
used.  In  America  it  has  not  come  into  general  use.  This  is 
doubtless  due  to  the  fact  that  single-phase  transformers  present  a 
much  more  flexible  arrangement  than  one  three-phase  unit,  while 
there  is  but  a  slight  difference  in  cost  in  favor  of  the  three-phase 
unit. 

For  transmission  voltages  not  exceeding  33,000  volts,  it  is  cus- 
tomary to  connect  both  high-tension  and  low-tension  windings  of 
transformers  in  delta,  as  with  this  arrangement  two  transformers 
will  continue  to  deliver  three-phase  currents  even  though  one  trans- 
former be  disabled.  For  higher  voltages,  transformers  are  fre- 
quently connected  with  low-tension  windings  in  delta  and  high- 
tension  windings  in  star.  This  permits  the  grounding  of  the  neu- 
tral point  of  the  system,  limiting  the  voltage  between  any  wire  and 
ground  to  58  per  cent  of  the  line  voltage.  The  winding  and  insu- 
lating of  the  transformer  is  also  somewhat  facilitated,  on  account 
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of  the  lower  voltage  of  the  star-connection.  The  star-connection, 
on  both  high-tension  and  low-tension  windings,  is  apt  to  prove  an 
unstable  arrangement,  as,  under  certain  conditions,  it  permits  the 
full  line  voltage  to  be  concentrated  upon  two  of  the  transformers. 
In  general  this  connection  should  not  be  iised. 

The  efficiency  and  regulation  obtained  on  transformers  is  prob- 
ably superior  to  that  of  any  other  apparatus  in  the  transmission 
system.  On  large  units,  even  though  wound  for  low  frequency  and 
high  voltage,  efficiencies  of  98.5  per  cent  may  be  obtained.  Fig.  1 
shows  an  efficiency  curve  of  a  2220  kw  transformer,  for  a  frequency 
of  30  cycles,  50,000  to  1100  volts.  It  should  be  noted  that  the 
efficiency  is  practically  constant  at  98.5  per  cent  from  three-quar- 
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ters  to  one  and  one-half  load.  The  remarkably  close  regulation  of 
this  transformer  even  with  loads  of  low  power-factor  should  be 
noted  also. 

From  the  records  of  one  of  the  large  manufacturing  companies, 
certain  data  has  been  obtained  regarding  the  capacities,  voltages, 
and  output  of  high-voltage  transfonners  during  the  past  ten  or 
twelve  years.  These  results  have  been  prepared  in  graphic  form, 
and  appear  in  Figs.  2,  3  and  4.  These  curves  give  a  fair  idea  of 
the  progress  in  the  state  of  the  art  of  high-voltage  transformer 
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building.  Fig.  2  shows  the  output  of  high-voltage  transformers 
for  different  years.  It  seems  almost  incredible  that  in  ten  years' 
time  the  output  per  year  should  have  increased  from  300  or  400  kw 
to  250,000  kw.  Upon  this  curve  the  effect  of  the  installation  of 
the  Niagara  plant,  as  well  as  the  introduction  of  the  alternating- 
current  motor  and  the  converter,  may  be  clearly  seen.  The  effect 
of  the  recent  financial  depression  is  also  shown  in  a  decreased  out- 
put for  1903  over  that  of  1902. 

Fig.  3  shows  the  maximum  size  of  unit  manufactured  during 
the  different  years,  also  the  average  size  of  unit  for  the  different 
years.  In  eight  years  time,  the  maximum  unit  increased  from 
10  kw  to  2750  kw — 275  times — while  the  increase  in  the  average 
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size  of  unit  has  been  from  10  kw  to  250  kw — an  increase  of  25 
times. 

Fig.  4  shows  the  maximum  voltage  for  which  a  commercial  trans- 
former was  wound  during  tlie  different  years,  also  the  average  volt- 
age during  the  different  years.  It  will  be  noted  that  the  increase 
has  been  from  10,000  to  60,000  volts,  not  nearly  so  great  an  in- 
crease as  that  in  size,  but  one  which  represents  far  greater  diffi- 
culties to  the  transformer  manufacturer.  The  average  pressure 
seems  to  be  growing  constant  at  approximately  15,000  volts.  This 
is  due  doubtless  to  the  fact  that  a  very  large  number  of  the  trans- 
formers sold  are  for  use  in  large  cities  on  10,000-volt  service  for 
supplying  converters  for  railway  or  lighting  service. 

Discussion. 

Chairman  Scott:  The  one  thing  which  has  given  prominence  to  the 
alternating  current  and  which  has  made  possible  the  present  types  of 
power  transmission  and  the  use  of  high  voltages  is  the  transformer  —  a 
piece  of  apparatus  most  simple  in  itself.  The  component  parts  are  most 
elementary  in  kind  and  for  demonstration  purposes  very  simple  elements 
will  suffice.  But  the  transformer  for  use  has  undergone  a  very  great 
development  and  many  of  the  points  to  which  Mr.  Peck  has  referred  are 
the  points  of  engineering  development  of  the  transformer.  In  a  certain 
way  the  lines  of  development  have  not  departed  from  the  earliest  types. 
The  type  of  transformer  used  in  the  first  10,000-volt  transmission  in  this 
country,  is,  in  its  essential  particulars,  the  same  as  the  transformer  used 
to-day.  The  details,  the  form  of  iron  plate,  the  shape  of  coils,  and  the 
number  of  coils  has  changed  in  the  development  of  the  larger  transformer. 
The  oil  insulation  is  the  same.  What  we  have  done  is  to  develop  one 
type.  It  will  be  valuable  in  the  discussion  of  this  subject  to  have  any 
comments  upon  the  immediate  points  taken  up  in  the  paper  and  the 
particular  usefulness  of  the  various  types.  It  would  also  be  serviceable 
to  have  any  suggestions  on  departures  from  this  type.  Are  we  in  future 
to  keep  along  the  same  line?  Will  the  transformers  of  ten  years  hence 
be  essentially  those  of  to-day  or  will  they  be  along  radically  different 
lines?     The  paper  is  open  for  discussion. 

Mr.  Francis  0.  Blackwell:  I  cannot  agree  with  Mr.  Peck  regarding 
there  being  practically  no  fire  risk  with  oil  transformers.  In  large  stations 
the  transformer  cases  contain  hundreds  of  barrels  of  oil.  It  is  true  that, 
in  most  cases  of  power-houses  being  destroyed  by  fire,  the  evidence  indi- 
cates that  the  fire  originated  in  combustible  material  in  the  neighborhood 
of  the  transformer  and  not  in  the  transformer  itself.  The  oil  leakage 
from  the  transformer,  which  cannot  be  entirely  prevented,  is  a  source  of 
danger.  If  a  fire  starts  near  the  transformer  and  heats  it  up  sufficiently, 
it  will  turn  it  into  a  gas  producer  and  sufficient  gas  can  be  turned  out 
to  melt  up  all  the  iron  work  and  machinery  in  any  power-house.     I  think 
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tliat,  when  you  install  such  a  large  body  of  oil  in  a  building,  you  would 
at  least  take  the  same  precautions  against  fire  that  you  would  had  you 
one  or  two  barrels  of  illuminating  or  lubricating  oil  in  a  factory.  The 
insurance  rules  would  require  you  to  place  such  oil  in  a  separate  fire- 
proof room.  In  power-houses  and  sub-stations,  which  I  have  recently 
designed,  each  transformer  is  enclosed  in  an  airtight  fireproof  compart- 
ment. These  compartments  prevent  the  accumulation  of  combustible 
material  in  the  neighborhood  of  the  transformer,  and,  further,  should  a 
fire  start,  it  will  smother  itself  out  as  soon  as  the  oxygen  in  the  room 
is  consumed. 

There  is  another  matter  in  connection  with  Mr.  Peck's  paper  to  which 
I  would  like  to  call  attention  and  that  is  —  the  relation  of  efficiency  to 
cost.  A  transformer  designed  for,  say,  98  per  cent  efficiency,  will  cost 
nearly  twice  as  much  as  one  with  96  per  cent  efficiency.  Expressed  in 
another  way  —  if  you  cut  your  losses  in  two  you  must  use  twice  as  much 
material  in  the  construction  of  the  transformer.  It  is  an  open  question, 
therefore,  as  to  how  high  in  efficiency  it  is  economical  to  go.  The  interest 
on  the  cost  of  the  transformer  might  readily  be  more  than  the  value  of 
the  power  saved. 

Mr.  E.  KiLBUBN  Scott  :  We,  in  England,  were  using  oil  at  a  very  early 
date;  but  our  experience  was  unfortunate  and  its  use  was  dropped  alto- 
gether. We  were  surprised  to  hear  some  time  afterward  that  oil  was 
proving  a  success  in  America.  Any  oil  which  we  now  use  for  the  purpose 
is  obtained  from  the  States,  and  if  the  author  of  the  paper  would  say 
something  about  the  way  in  which  this  oil  is  prepared,  it  would  be  ap- 
preciated. American  makers  treat  it  in  some  way  that  our  manufacturers 
apparently  do  not  know  about;  at  any  rate,  we  cannot  get  suitable  oil  in 
England. 

Regarding  the  cooling  by  air,  it  has  occurred  to  me  that  probably  air 
under  considerable  pressure  might  be  used  for  the  transformer  which  will 
have  to  be  installed  for  working  main-line  railways  by  alternating  cur- 
rents. I  do  not  know  whether  you  have  noticed  how  when  coalcutting 
machines  are  worked  with  compressed  air,  snow  forms  on  the  pipes  and 
valves,  owing  to  the  sudden  expansion  of  the  air  when  it  leaves  the  ex- 
haust. This  is  a  common  occurrence  in  maohinerj'  driven  by  compressed 
air.  Now  I  think  that  probably  the  transformers  on  railways  could  be 
cooled  by  having  compressing  stations  at  various  points,  to  efl'ect  the 
cooling  by  this  sudden  expansion  of  air. 

Coming  to  the  question  of  the  containing  case,  I  notice  many  transformer 
cases  are  carefully  ribbed  outside,  but  are  left  smooth  inside.  This  ia 
probably  done  for  ease  in  making  the  casting;  but  I  think  it  would  pay 
to  incur  a  little  more  expense,  and  rib  the  inside  of  the  cases  as  well.  In 
fact,  I  think  corrugated  iron  sheeting  closed  up  (that  is  to  say  the  pitch 
of  the  corrugations  reduced  from  the  usual  three  inches  to  say  one  inch) 
would  be  very  effective,  as  it  would  give  a  large  inside  cooling  surface,  aa 
well  as  a  large  outside  cooling  surface.  We  do  not  want  great  thick  cast- 
ings. To  make  a  casting,  say,  six  feet  high,  the  bottom  will  have  to  be  1^ 
inches  thick ;  because  the  moulder  cannot  very  well  get  it  thinner.  The 
sides  will,  therefore,  vary   from   1%   inches  to  %   inch,  or  so,  at  the  top 
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and  this  is  very  tliit-iv  metal  through  which  to  expect  the  heat  to  travel. 
I  think  the  walls  should  be  made  of  thin  corrugated  steel,  as  it  would 
not  only  give  ample  cooling  surface,  but  also  great  strength. 

Speaking  of  the  air-blast  for  cooling,  it  may  be  of  interest  to  mention 
that  the  first  Thomson  electric  welding  plant  shown  at  the  Glasgow 
Exhibition  about  1888,  was  bought  by  Clarke,  Chapman  &  Co.,  and  em- 
ployed by  them  for  welding  connecting  rods,  etc.,  for  ship's  winches. 
They  tried  to  use  it  for  larger  work  and  had  several  burn  outs.  On  their 
asking  my  advice,  I  suggested  turning  the  blast  from  the  Smith's  hearths 
through  the  electrical  apparatus  and  this  was  done.  It  was  probably 
one  of  the  first  examples  of  air-blast  cooling  of  electrical  apparatus. 

Dr.  Louis  Bell:  With  respect  to  these  large  oil-cooled  transformers, 
I  think  we  all  appreciate  the  danger  to  which  Mr.  Blackwell  has  alluded  — 
that  is,  the  tire  danger;  but  perhaps  we  do  not  all  appreciate  at  once  the 
troubles  which  complete  isolation  of  transformers  invites.  For  example, 
you  can  undoubtedly  box  up  a  transformer  or  any  other  piece  of  apparatus 
so  that  a  fire  originating  in  it  or  communicating  to  it  cannot  possibly  find 
its  way  out  of  the  space  in  which  it  is  placed,  but  in  doing  that  you 
necessarily  sacrifice  a  good  deal  of  simplicity.  I  think  the  tendency  in 
modern  practice,  the  practice  of  tlie  next  few  years,  is  going  to  be  greatly 
in  the  direction  of  simplification  of  stations,  simplification  of  all  the  con- 
nections possible,  and  the  abolition  of  a  great  deal  of  accessory  equip- 
ment and  apparatus  which  now  forms  a  very  formidable  feature  of  the 
cost  and  maintenance  of  many  large  stations.  To  that  end  I  think  that 
the  direction  in  which  our  energies  should  be  spent  is  toward  keeping 
fire  away  from  transformers  rather  than  making  too  elaborate  provisions 
for  confining  it  to  them  after  it  gets  in.  It  is  better  to  lock  the  door 
before  the  horse  is  stolen.  And  it  seems  to  me  that  a  proper  oil  trans- 
former runs  very  little  risk,  according  to  my  experience,  of  getting  on  fire 
from  the  inside.  As  Mr.  Blackwell  very  justly  remarked,  the  danger  is 
on  the  outside.  And  if  you  keep  combustible  materials  away  from  your 
transformers,  just  as  you  would  keep  it  away  from  any  other  place,  the 
whole  plant  is  much  simplified.  The  danger  at  stations,  according  to  the 
observation  of  a  good  many  of  us,  I  think,  is  in  about  the  last  place 
where  one  would  at  first  suppose,  that  is  to  say,  in  the  floor.  You  can 
design  a  fire-proof  wall,  you  can  design  a  fire-proof  roof  —  fire-proof  in 
any  ordinary  sense  of  the  term,  but  to  get  an  adequate  floor  on  a  station 
is  a  more  serious  problem.  Concrete  floors,  you  know,  if  well  soaked 
from  leakage  of  lubricants  or  anything  of  that  kind,  will  furnish  a  very 
respectable  furnace..  I  know  one  large  factory  in  the  East  that  was  totally 
destroyed;  the  interior  of  it  became  a  furnace  on  account  of  a  floor  which 
was  supposed  to  be  fire-proof  but  was  charged  with  oil.  I  think  if  you 
pay  attention  to  the  station  and  keep  combustibles  away  as  far  as  possible 
from  the  outside  of  the  transformers  and  their  connections,  including 
cables,  that  the  danger  of  fire  will  be  very  much  reduced.  As  it  is  now, 
I  have,  time  and  again,  been  in  stations  with  first-class  dynamo  equip- 
ment, with  the  best  modern  transformers,  and  with  some  foolish  col- 
lection of  accessories  arranged  so  as  to  catch  any  flames  that  might  come 
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therefrom.  This  is  particularly  true  of  the  switchboard  as  found  in  many 
power-transmission  stations.  Time  and  again  I  have  seen  a  switchboard 
which  was  simply  a  fire  trap,  with  a  great  mass  of  insulated  wires  and 
other  stuff  which  will  burn  at  high  temperatures,  snugly  tucked  away 
behind  it,  in  the  interest  of  compactness,  with  the  result  that  if  anything 
went  wrong  on  that  board  you  would  have  a  little  furnace  started,  capable 
of  heating  things  even  to  the  point  of  ignition  of  oil  in  the  vicinity.  I 
think  that  in  the  safety  of  transformers  and  other  apparatus,  the  floor 
at  the  station  is  a  matter  that  is  too  often  neglected.  As  regards  air- 
blast  transformers,  they  are  not  faultless  as  a  fire  risk.  I  have  seen  a 
transformer,  which  was  supposed  to  have  gone  out,  burn  on  all  night, 
scattering  around  cinders  liberally.  It  seems  to  me  that  our  work  should 
be  largely  in  the  line  of  the  prevention  of  the  communication  of  any  fire 
to  the  station  or  the  spreading  of  any  fire  which  may  originate  from  a 
short-circuit.  If  you  do  not  crowd  the  place  too  much;  if  you  do  not 
attempt  to  build  a  station  too  compact  —  and  most  power-transmission 
stations  are  in  places  where  compactness  is  not  necessary  —  you  can  avoid 
a  great  many  of  these  dangers.  It  is  very  pretty  to  go  into  a  station  and 
say  "  Here  is  our  beautiful,  compact  switchboard ;  here  are  our  accessories 
of  various  kinds;  you  see  there  isn't  an  inch  of  waste  space."  Well,  waste 
space  is  sometimes  the  very  best  insurance  that  we  can  have,  particularly 
in  fire  risks. 

Dr.  F.  A.  C.  Perrine:  I  think  we  should  not  allow  to  pass,  without 
correction,  an  apparent  error  in  observation  that  Mr.  Kilburn  Scott  has 
made  on  his  American  tour  in  regard  to  the  self-cooled  transformers,  as 
we  call  them.  There  are  four  types  in  this  country:  We  have  the  boiler- 
iron  case,  smooth  inside  and  out;  we  have  a  corrugated  sheet-iron  case 
which  is  corrugated  inside  and  out;  we  have  a  corrugated  cast-iron  case 
which  is  corrugated  inside  and  out;  and  the  fourth,  which  is  the  only  one 
which  corresponds  to  his  description,  is  a  boiler-iron  case  with  external  or 
iron  radiating  strips.  So  far  as  I  know,  there  are  not  made  in  this  country 
any  cases  of  cast-iron  with  external  radiating  strips  and  smooth  internal 
surface.  A  majority  of  the  large  self-cooled  transformers  made  in  this 
country  are  made  either  with  corrugated  sheet-iron  cases,  corrugated  inside 
and  out,  or  corrugated  cast-iron  cases,  corrugated  inside  and  out.  So 
that  the  suggestion  that  he  makes  of  radiating  strips  passing  within  the 
oil,  as  well  as  outside  into  the  air,  is  actually  our  practice. 

Mr.  J.  S.  Peck:  At  one  time  the  Westinghouse  Company  made  a  case 
which  was  smooth  inside.  First  we  had  it  ribbed  inside  and  outside,  then 
we  found  that  the  ribs  inside  did  no  good  so  we  cut  them  off  and  left 
the  ribs  outside.  Now  I  think  the  explanation  of  this  was,  that  for  heat 
to  get  from  the  oil  into  the  cast  iron  is  a  comparatively  simple  matter. 
The  whole  trouble  comes  in  getting  the  heat  from  the  cast  iron  into  the 
surrounding  air,  and  I  don't  think  —  in  fact  I  am  very,  sure  —  that  it 
would  not  do  any  good  to  put  ribs  inside. 

Dr.  Pekrine:     Are  any  such  transformers  being  manufactured  now? 

Mr.  Peck:     As  far  as  I  know  there  are  none. 

Mr.  W.  L.  Waters;  I  think  Mr.  BlackwcU  called  attention  to  an  im- 
portant fact  when  he  pointed  out  tiiat  the  cost  of  a  transformer  depends 
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upon  its  efficiency.  Apart  from  this  question  of  efficiency,  the  rating  of  a 
transformer  is  simply  a  question  of  getting  rid  of  the  heat  developed  with- 
out damaging  the  insulation.  And  therein  lies  the  advantage  of  a  water- 
cooled  transformer,  as  in  this  type  you  can  carry  away  a  considerably 
larger  amount  of  heat  by  increasing  your  circulation  of  water.  So  that 
you  can  make  a  much  cheaper  transformer  if  you  sacrifice  efficiency,  and 
increase  the  circulation  of  your  water  in  this  type    of  transformer. 

In  regard  to  the  point  that  Mr.  Kilburn  Scott  brought  up  about  the 
quality  of  oil,  I  think  that  the  only  way  you  can  rely  on  that  is  to  purify, 
or  bring  the  oil  up  to  standard,  yourself.  We  had  considerable  trouble 
lately  with  a  large  shipment  of  transformers  which  was  held  up  on  ac- 
count of  the  quality  of  the  oil  received  fi;om  the  Vacuum  Oil  Company.  Ap- 
parently the  oil  may  be  all  right  when  it  leaves  the  refinery,  but  it  may 
not  be  all  right  by  the  time  it  is  put  into  the  transformer.  The  only  thing 
you  can  do,  is  to  dry  the  oil  and  filter  it  yourself,  and  repeat  the  process 
until  it  stands  a  definite  sparking  test. 

Mr.  E.  KiLBUEN  Scott  :     Do  you  use  resin  oil  ? 

Mr.  Waters:     No;  it  is  ordinary  mineral  oil,  petroleum  oil. 

Mr.  E.  Kilburn  Scott:     The  stuff  we  use  is  resin. 

Mr.  Waters  :  I  never  heard  of  resin  oil  being  used.  I  think  Mr.  Peck 
is  perfectly  correct  in  what  he  says  about  the  ribs  on  the  inside  of  a  trans- 
former casing.  If  you  take  the  temperature  of  the  oil  and  the  temperature 
of  the  case  and  the  air  you  will  see  that  the  drop  of  temperature  is  almost 
entirely  at  the  surface  of  the  iron  and  air,  and  there  is  only  a  very  small 
drop,  may  be  5  degrees,  between  the  oil  and  the  case,  so  that  whether 
you  have  internal  ribs  or  not  doesn't  really  make  much  diff'erence.  And 
it  is  well  recognized  that  when  a  body  is  cooling  in  contact  with  a  fluid, 
the  drop  of  heat  potential  across  the  surface,  that  is,  the  heat  contact 
resistance,  is  much  less  in  the  case  where  this  fluid  is  a  liquid  than  in  the 
case  where  it  is  a  gas.  It  w^ould  only  be  a  waste  of  space  and  material 
to  put  ribs  on  the  inside,  as  "well  as  on  the  outside,  of  a  transformer  casing. 

Prof.  F.  G.  Baum:  I  would  like  to  make  a  short  statement  to  answer 
numerous  questions  that  have  come  to  us  on  our  system  regarding  the  fire 
at  Colgate  two  years  ago,  and  also  to  answer  Mr.  Blackwell  in  regard  to 
a  question  of  the  relative  fire  risk  of  the  two  types  of  transformers.  In 
Colgate  we  had  the  transformers  in  the  power-house,  setting  under  a 
gallery  constructed  mainly  of  -wood,  the  main  frame  being  of  iron,  the 
smaller  working  being  of  wood.  The  fire  started  owing  to  an  imperfect, 
badly  designed,  oil-switch  and  not,  as  generally  given  out,  due  to  any 
trouble  in  the  transformer.  The  fire  raged  fiercely,  so  fiercely  that  it  bent 
the  iron  in  the  roofs,  bent  the  eye-beams  on  the  gallery,  warped  the  iron 
out  of  shape,  yet  did  not  injure  a  single  transformer  except  that  in  one 
transformer  two  of  the  layers  of  the  wraps  had  be  to  be  removed  aAd  re- 
taped.  The  oil  in  only  one  transformer  caught  fire;  the  oil  burned  dowTi 
in  it  about  half  way  and  stopped.  The  fire  raged  through  a  length  of 
150  feet.  There  were  something  like  25  transformers  in  the  building, 
each  of  which  had  about  four  barrels  of  oil.  And  I  think  that  experience 
demonstrates  the  extent  of  the  fire  risk  of  oil-type  transformers. 

Mr.   F.   0.   Blackwell:      In   regard   to   the   insulating  value   of  trans- 
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formor  oil  as  effected  by  moisture,  we  recently  had  an  experience  with  a 
number  of  large  transformers  wound  for  60,000  volts.  When  these  were 
set  up  at  the  works  of  the  manufacturer  they  stood  all  tests  successfully, 
but  after  they  had  been  installed  and  put  in  actual  service  it  was  found 
that  the  high  potential  current  arced  through  the  oil  to  the  low  potential 
coil  and  to  ground.  Moisture  in  the  oil  could  not  be  detected  by  chemical 
analysis,  but  by  placing  a  small  quantity  in  a  bottle  filled  with  chloride 
of  lime  it  was  found  that  the  insulating  resistance  could  be  raised  to  its 
proper  value.  All  of  the  oil  was  finally  treated  by  forcing  hot  air  through 
it,  until  the  whole  body  of  the  oil  was  raised  above  the  flashing  point 
which  dried  it  out  and  brought  it  back  to  its  original  dielectric  strength. 
An  investigation  as  to  why  the  oil  had  deteriorated  so  much  developed 
the  fact  that  the  barrels  in  which  it  was  shipped  had  not  been  thoroughly 
dried  and  cleaned  before  they  were  filled. 

Chairman  Scott:  If  there  is  no  further  general  discussion  we  will 
ask  Mr.  Peck  to  close  the  discussion,  because  time  is  becoming  short. 

Mr.  Peck:  I  agree  in  general  with  what  Mr.  Blackwell  said  about  the 
risk  of  oil-insulated  transformers.  The  risk  comes  not  from  internal 
damage  to  the  transformer  itself  but  damages  which  may  be  done  to  ex- 
ternal apparatus  by  the  escape  of  the  oil,  and  if  it  can  be  put  into  tight 
cases  or  tight  vaults  or,  as  is  being  done  in  some  cases,  put  in  tight  cases 
and  then  put  in  vaults,  not  tight,  but  built  up  perhaps  half  the  height 
of  the  transformer  —  pits,  in  other  words, —  and  these  are  thoroiigh 
drained,  I  think  any  of  those  precautions  will  go  a  long  way  to  eliminate 
the  fire  risk.  As  to  the  oil,  a  mineral  oil  is  used  and  it  is  bought  under 
very  strict  specifications;  it  must  be  free  from  acids,  alkalis,  or  sulphur 
compounds,  and  free  from  water.  Great  care  must  be  taken  to  prevent 
oil  from  absorbing  moisture  or  other  impurities  during  the  time  of  transit  — 
from  the  time  that  it  leaves  the  manufacturer  until  it  is  placed  in  the 
transformer  cases.  As  to  the  thickness  of  castings,  of  course  it  is  an  ad- 
vantage as  far  as  the  dissipation  of  heat  is  concerned  to  have  the  castings 
or  have  the  metal  as  thin  as  possible,  although  I  do  not  think  that  the 
drop  in  heat  potential  through  the  metal  is  ordinarily  of  great  importance. 
Those  castings  are  usually  made  as  thin  as  they  can  be  made  and  cast. 
That  is  the  determining  factor. 

Mr.  E.  KiLBUBN  Scott  :  Do  you  think  that  the  oil  in  transit  could 
absorb  moisture  if  it  happened  to  get  in  a  damp  situation,  after  being 
thoroughly  dried  out? 

Mr.  Peck:     I  think  there  is  no  doubt  that  it  would. 

Chaibmax  Scott:  The  papers  in  the  various  sections  were  written  in 
response  to  invitations  sent  out  by  officers  of  the  Congress.  The  papers 
which  have  come  in  response  have  sometimes  been  more  appropriate  to 
other  sections  than  to  the  one  for  which  they  were  invited.  For  that  reason 
a  few  papers  have  been  taken  from  this  section  and  a  few  papers  have  been 
brought  from  other  sections  here.  One  of  the  latter  is  ''  Notes  on  Experi- 
ments With  Transformers  for  Very  High  Voltages,"  by  Prof.  Harold  B. 
Smith,  who  is  present,  and  will  now  kindly  read  the  paper. 


NOTES  ON  EXPERIMENTS  WITH  TRANSFORM- 
ERS FOR  VERY  HIGH  POTENTIALS. 


BY   PROF.   HAROLD   B.   SMITH,   Worcester  Polytechnic  Institute. 


The  attention  of  the  writer  was  first  directed  toward  the  problems 
involved  in  the  production  and  application  of  high  potentials  of  low 
frequency  by  certain  of  the  exhibits  at  the  Chicago  Exposition  of 
1893,  and  particularly  by  the  discussion  before  the  International 
Electrical  Congress  of  1893  on  power  transmission.^ 

As  a  result  of  this  interest,  during  the  college  year  1893-9-1,  in 
connection  with  the  direction  of  the  School  of  Electrical  Engineer- 
ing at  Purdue  University,  two  senior  students-  at  the  University 
designed  and  constructed,  under  the  writer's  supervision,  a  small 
transformer  to  give  an  effective  secondary  potential  of  10,000  volts. 

This  transformer  was  constructed  with  but  slight  knowledge  of 
the  difficulties  involved  and  was  a  failure  except  for  the  many 
valuable  lessons  received  from  successive  attempts  to  operate  it 
under  the  proposed  conditions.^  The  following  year  this  trans- 
former was  reconstructed  by  two  senior  students  at  the  University* 
and  was  operated  for  some  time  before  a  final  break-down  occurred, 
but  there  could  be  no  hope  for  the  final  success  of  such  a  trans- 
former. 

Following  a  suggestion  by  Tesla  in  a  paper  before  the  Institu- 
tion of  Electrical  Engineers,^  paraffin  oil  was  heated,  and  by  means 
of  an  air-pump  drawn  into  a  closed  metal-lined  box  containing  the 
core  and  windings.  The  oil  apparently  penetrated  to  all  the  sur- 
faces of  the  core  and  windings,  and  it  is  probable  that,  so  far  as  this 
part  of  the  work  is  concerned,  good  results  were  secured;  but  un- 

1.  Proceedings  of  the  International  Electrical  Congress,  1893,  pp  422- 
472. 

2.  G.  G.  Phillips  and  S.  Moore,  Tliesis,  "  The  Design  and  Construction 
of  a  High  Voltage  Transformer."     Purdue  University,  1894. 

3.  Primary,  1000  volts;  secondary  10,000  volts;  frequency  140.  Primary 
had  248  turns.  No.  14  B  &  S,  ind  secondary  2840  turns  No.  22  B  &  S. 
Core  made  of  No.  16  iron  wire. 

4.  Messrs.  A.  C.  Bunker  and  C.  C.  Chappelle. 

5.  Journal  of  the  Institution  of  Electrical  Engineers,  Vol.   21,  p.  79. 

[237] 


238  SMITH:     HIGH-POTENTIAL  TRANSFORMERS. 

fortunately  rubber  insulation  was  used  on  the  secondary  winding 
and  this  was  promptly  softened  by  the  oil. 

While  this  transformer  was  a  failure  in  all  respects,  except  that 
it  led  to  success  with  later  transformers,  no  responsibility  for  this 
failure  should  rest  upon  the  four  young  men  who  assisted  in  its 
design  and  construction,  as  the  writer  was  responsible  for  the  im- 
portant features  of  the  design  and  the  failure  should  be  assumed  by 
him  alone. 

On  account  of  the  pressure  of  many  duties  and  the  interruption 
of  this  work  occasioned  by  the  acceptance  of  the  chair  of  Electrical 
Engineering  at  the  Worcester  Polytechnic  Institute  in  1896,  this 
work  Avas  not  continued  until  the  college  year  1897-98,  when  two 
graduate  students^  in  electrical  engineering  at  the  Institute,  under 
the  writer's  direction,  undertook  the  design  and  construction  of  a 
150,000-volt  transformer,  which  was  completed  early  in  the  spring 
of  1898.  The  experiences  with  the  transformer  of  1894,  the  suc- 
ceeding interval  of  four  years  for  occasional  study  of  the  various 
causes  of  its  failure,  together  with  many  valuable  suggestions  from 
Prof.  J.  0.  Phelon  of  the  Worcester  Polytechnic  Institute  and  the 
remarkably  able  manner  in  which  the  two  men  who  were  engaged 
upon  this  work  carried  out  the  details  of  the  design  and  construc- 
tion, account  for  the  thorough  success  of  this  second  transformer. 

A  reference  to  this  transformer,  which  had  a  ratio  of  voltages  of 
1  to  1500,  and  an  illustration  showing  its  construction  appear  in 
the  Transactions  of  the  American  Institute  of  Electrical  Engi- 
neers' in  a  note  communicated  by  the  writer  to  the  discussion  of 
the  paper  by  Steinmetz  on  the  "  Dielectric  Strength  of  Air.®  More 
detailed  descriptions  of  this  transformer  appear  elsewhere®  so  that 
no  extended  description  need  be  given  here.  However,  a  statement 
of  experience  with  this  transformer  for  the  past  six  years  may  have 
some  interest  and  value. 

For  several  years  the  transformer  was  in  fairly  constant  experi- 
mental service  in  the  laboratories  of  the  Institute  on  work^°  which 

6.  EUery  B.  Paine  and  Harry  E.  Gough,  Tliesis,  "  High-Potential  Dis- 
charges in  Dielectrics."    Worcester  Polytechnic  Institute,  1898. 

7.  Transactions  American  Institute  of  Electrical  Engineers,  Vol.  15, 
p.  328. 

8.  Ihid,  p.  281. 

9.  Journal  of  the  Worcester  Polytechnic  Institute,  Vol.  1,  p.  356;  Elec- 
trical M'orld,  Vol.  32,  p.  63. 

10.  S.  S.  Edniands  and  W.  E.  Foster,  Thesis,  "  Distribution  of  Po- 
tentials Between  High-Potential  Conductors."  C.  E.  Eveleth  and  E.  F. 
Gould,  Thesis,  "  Dielectric  Strength  of  Oils."    0.  P.  Tyler  and  S.  T.  Willis, 
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Fig.   1.— lO.OOO-voLT   transformer,    1893. 
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involved  operation  at  potential?  as  high  as  190,000  effective  volts 
and  for  many  days  was  operated  for  10  hours  per  day  at  175,000 
effective  volts.  Nearly  a  year  ago,  this  transformer  was  sold  to  be 
used  for  commercial  testing  by  a  company  manufacturing  in- 
sulators and  information  has  been  received  recently  of  its  con- 
tinued satisfactory  daily  service  at  potentials  ranging  up  to  its  rated 
capacity. 

This  transformer  was  exhibited  at  the  Saratoga  (1903)  Conven- 
tion of  the  American  Street  Eailway  Association,  and  at  this  time 
several  coils  of  the  secondary  winding  were  injured  in  shipment 
and  had  to  be  replaced;  with  this  exception,  practically  no  diffi- 
culty has  ever  been  experienced  in  its  operation.  It  was  designed 
primarily  for  experimental  work  in  the  laboratories  of  the  Wor- 
cester Polytechnic  Institute  and  many  details  of  construction  would 
naturally  be  changed  in  a  design  intended  for  commercial  service, 
although  the  general  features  of  the  design  have  demonstrated  their 
reliability  for  this  class  of  work. 

In  the  fall  of  1899,  two  seniors^^  in  electrical  engineering  at  the 
Institute  undertook  the  development  of  a  transformer  for  still 
higher  potentials  and  in  the  spring  of  1900  produced,  under  the 
direction  of  the  writer,  a  transformer  designed  for  a  secondary 
potential  of  330,000  volts  at  60  cycles  per  second;  but  under  test, 
this  transformer  failed  to  develop  potentials  higher  than  210,000 
effective  volts  at  the  terminals  of  the  secondary  circuit. 

Failure  to  operate  this  transformer  at  higher  potentials  may  be 
attributed,  in  part,  to  an  absence  of  knowledge  at  the  time  of  its 
design,  of  phenomena  which  occur  at  the  higher  potentials  and 
which  had  not  been  observed  in  the  operation  of  the  1898  trans- 
former below  175,000  volts.  In  part,  the  failure  of  this  trans- 
former may  also  be  attributed  to  defects  introduced  by  frail  con- 
struction and  faulty  design  of  the  windings,  as  the  transformer  was 
regarded  as  a  purely  experimental  affair,  and  expensive  construction 

Thesis,  "High-Potential  Tests  of  Solid  Dielectrics."  E.  H.  Ginn  and 
W.  J.  Quinn,  Thesis,  "  Surface  Leakage  on  High-Potential  Insulators." 
J.  M.  Bryant,  Thesis,  "  The  Commercial  Production  of  Ozone."  A.  L. 
Cook,  A.  P.  Davis  and  J.  B.  Wiard,  Thesis,  "  Leakage  Losses  on  High- 
Potential  Transmission  Lines."  W.  M.  Adams  and  W.  H.  Sigourney, 
Thesis,  "  Surface  Leakage  on  High-Potential  Insulating  Materials."  H.  W. 
Morehouse  and  E.  L.  Stone,  Thesis,  "  The  Distribution  of  Potentials  Be- 
tween High-Potential  Conductors." 

11.  H.  I.  Cross  and  S.  E.  Whalley,  Thesis,  "The  Design,  Construction 
and  Test  of  a  High-Potential  Transformer."  Worcester  Polytechnic  Insti- 
tute, 1900, 
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was  avoided  whenever  possible  and  in  too  great  a  measure  for 
satisfactory  results.  However,  as  in  the  case  of  the  1894  trans- 
former, failure  to  accomplisli  the  results  anticipated  led  to  a  closer 
study  of  the  phenomena  involved  in  this  class  of  work,  and  to  suc- 
cess later  in  the  production  of  a  transformer  for  even  higher 
potentials. 

During  the  college  year  1900-01,  four  graduate  students^-  in 
electrical  engineering  at  the  Institute  undertook  the  design  and  con- 
struction of  a  500,000-volt  transformer  at  the  suggestion  and  under 
the  direction  of  the  writer.  This  transformer  was  in  operation 
early  in  May,  1901,  and  at  that  time  developed  a  secondary 
potential,  at  60  cycles  per  second,  which  was  capable  of  disrupting 
a  48-in.  (1.23  meter)  air-gap  between  sharp  needle  points. 

As  this  is  undoubtedly  the  first  transformer  and,  so  far  as  the 
writer  is  informed,  the  only  transformer  which,  up  to  the  present 
time,  has,  with  a  single  transformation  or  even  with  several  trans- 
formations by  a  number  of  transformers,  secured  low-frequency 
potentials  in  the  neighborhood  of  one-half  million  effective  or  three- 
quarters  of  a  million  maximum  volts,  a  brief  description  may  be  of 
value. 

The  design  of  this  transformer  called  for  a  ratio  of  transforma- 
tion of  1  to  2520,  at  60  cycles,  and  a  maximum  core  density  of  8600 
gausses,  when  at  a  secondary  potential  of  500,000  eifective  volts. 
The  primary  winding  consisted  of  46  turns  of  heavy  stranded  con- 
ductor —  23  turns  on  each  core  —  in  series  for  a  primary  potential 
of  200  volts,  60  cycles,  giving  a  maximum  magnetic  flux  of  about 
1,600,000  maxwells  at  full  rated  voltage.  The  secondary  winding 
was  subdivided  into  66  coils,  each  of  which  was  further  subdivided 
by  cotton  tape  into  four  sections.  There  Avas  a  total  of  115,920 
turns  of  number  32  B  &  S  double  cotton-covered  wire  in  the 
secondary  winding.  Each  coil  was  wound  in  a  spool  turned  from 
thoroughly  seasoned  white  pine  of  the  very  best  quality  and  care- 
fully selected  stock.  The  cross-section  of  the  spool  is  shown  in  Fig. 
5,  and  the  outside  diameters  of  the  spools  ranged  regularly  from 
16  ins.  up  to  32  ins. 

The  middle  of  the  secondary  winding  was  connected  to  the  core 
and  to  the  primary  winding,  and  carefully  earthed  in  most  of  the 
work  which  has  been  done  with  this  transformer,  although  it  has 

12.  11.  R.  Boors.  F.  Tl.  Davis.  E.  TI.  r.inn.  W.  J.  Quinn.  Thesis,  "  The 
Dosiffi),  (Jonslruction  aTid  Test  of  a  500,000-\'olt  Transformer."  Worcester 
rolylochnic  Institute,  11)01. 


Fig.  4. —  .jOO.ooo-voLT  transfokmee.  1901. 
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been  operated  on  a  number  of  occasions  without  earthing  the  sec- 
ondary circuit.  The  primary  circuit,  supplied  with  current  from  a 
generator  which  may  be  regulated  as  desired,  was  always  earthed 
for  the  protection  of  the  operator. 

This  transformer  has  been  used  for  three  years  upon  work  of 
investigation  connected  with  various  thesis  subjects^^  upon  which 
students  at  the  Institute  have  been  engaged,  together  with  some 
work  carried  out  personally  by  the  writer  upon  the  dielectric  prop- 
erties of  air  and  oils.  During  this  time,  it  has  been  found  neces- 
sary upon  two  or  three  occasions  to  cut  out  a  few  faulty  coils  of  the 
secondary  winding;  but  when  it  is  stated  that  this  winding  contains 
about  125  miles  (about  200  km)  of  No.  32  B  &  S  wire  which  was 
not  wound  in  layers,  although  each  coil  may  develop  from  8000  to 
9000  volts,  this  is  not  surprising.  Tests  made  with  this  transformer 
indicate  that,  with  the  substitution  of  a  modification  of  the  sec- 
ondary winding  which  has  been  introduced  by  the  writer  in  trans- 
formers of  more  recent  design,  a  potential  of  not  less  than  750,000 
volts  effective,  or  over  a  million  volts  maximum,  can  be  secured 
from  this  transformer.  As  soon  as  suitable  opportunity  presents 
itself,  it  is  proposed  to  make  this  change.  The  transformer  is 
located  in  a  separate  transformer-house  on  the  campus  of  the  Insti- 
tute, at  some  distance  from  other  buildings  on  account  of  the  fire 
risk  occasioned  by  over  a  thousand  gallons  (3800  litres)  of  oil 
lequired  for  insulating  the  secondary  winding. 

On  May  27  of  this  year,  an  order  was  placed  with  the  writer  for 
a  200-kw,  300,000-volt  transformer  which  was  shipped  to  its 
destination  July  18,  and  has  recently  been  placed  in  operation  and 
accepted  by  the  purchaser.^*  As  this  transformer  was  designed 
along  lines  which  will  permit  its  operation  at  considerably  more 
than  its  rated  voltage  and  power  output  and  probably  constitutes 
the  largest  transformer  yet  built  for  very  high  potentials,  the  writer 
has  been  permitted  to  give  the  following  brief  description : 

Fig.  6  shows  an  assembled  view  of  the  transformer  core  and 
secondary  winding  ready  to  be  immersed  in  the  oil  contained  in  the 
transformer  tank.     The  connections  to  the  primary  and  secondary 

13.  R.  S.  Beers,  F.  R.  Davis,  E.  H.  Ginn,  W.  J.  Quinn,  Thesis,  "In 
vestigation  of  the  Dielectric  Strength  of  Air  and  Oils."  L.  Day  and  C.  F. 
Harding,  Thesis,  "  Investigation  of  the  Leakage  Loss  Between  High-Po- 
tential Transmission  Conductors."  A.  L.  Cook,  A.  P.  Davis,  G.  E.  Munroe, 
E.  W.  Kimball,  J.  A.  Sandford,  Thesis,  "  Investigation  of  the  Leakage 
Loss  Between  High-Potential  Conductors." 

14.  The  Locke  Insulator  Mfg.  Co.,  \ictor,  N.  Y. 
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circuits  are  so  arranged  as  to  permit  full  rated  power  output  at 
secondary  potentials  of  either  75,000,  150,000  or  300,000  volts,  60 
cycles.  The  maximum  ratio  of  primary  and  secondary  turns  is  316, 
as  the  primary  is  designed  to  be  supplied  from  a  1040-volt  generator. 
The  secondary  contains  about  33,000  turns  of  about  42  miles  (about 
68  km)  length  of  conductor. 

On  Aug.  15,  work  was  begun  upon  two  transformers  which  are 
not  yet  finished,  but  of  which  some  information  can  be  given. 
Fig.  2  shows  one  coil  of  the  secondary  winding,  which  contains  280 
turns  of  double  cotton-covered  wire  having  a  section  of  copper  of 
.004  in.  X  .05  in. 

These  transformers  have  been  given  a  preliminary  rating  of 
200,000  volts,  but  have  been  designed  along  lines  which  should 


Fig.  5. 


permit  of  their  operation  at  potentials  considerably  above   this 
value. 

One  of  the  transformers  is  provided  with  a  removable  yoke  so  as 
to  permit  of  its  experimental  use  as  an  induction  coil  of  large 
output,  when  so  desired,  and  both  transformers  have  been  provided 
with  extra  leads  so  as  to  permit  of  a  variety  of  combinations  for 
experimental  work  at  the  Institute  on  single,  two  and  three-phase 
circuits  of  very  high  potential.  One  hundred  coils,  such  as  the  one 
shown  in  Fig.  2,  will  constitute  the  secondary  winding  of  each  of 
these  transformers,  so  that  each  secondary  will  have  a  length  of 
about  25  miles  (about  40  km)  of  wire. 

.  Discussion, 

Chaibman  Scott:  The  work  which  has  been  done  by  Prof.  Smith  and 
his  students  is  certainly  of  very  great  interest  and  they  are  to  be  con- 
gratulated upon  its  success.  The  paper  is  a  record  of  the  work  which  has 
been  done,  and  unless  we  go  into  the  general  construction  of  transformers 
of  this  kind  it  is  hardly  worth  while  to  enter  into  a  discussion. 

Prof  F.  G.  Baum  then  presented  his  paper  on  "  Long-Distance  Transmis- 
sion and  ControL" 


YiQ.  7. —  Side  view  of  200  k\v.  300.000voi.t  tuansfokmer,  1004. 
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HIGH  POTENTIAL,  LONG  DISTANCE  TEANSMIS- 
SION  AND  CONTROL. 


BY  r.  G.  BAUM. 


Inteoductory. 

In  1900,  at  the  General  Meeting  of  the  American  Institute  of 
Electrical  Engineers,  I  presented  a  paper  entitled  "  Some  Con- 
stants for  Transmission  Lines,"  based  on  measurements  made  on 
several  transmission  lines  —  the  longest  that  had  been  built  up  to 
that  time.  Since  then  I  have  followed  very  closely  the  progress 
of  transmission  work,  and  in  this  paper  I  will  give  the  practice 
and  results  on  what  is,  and  has  been  since  1900,  the  greatest  trans- 
mission  system  in   existence. 

The  system  to  which  I  refer  is  that  of  the  California  Gas  & 
Electric  Corporation,  which  has  absorbed  the  Bay  Counties  Power 
Company,  the  Standard  Electric  Company  of  California,  the 
Valley  Counties  Power  Company,  the  Sacramento  Electric,  Gas 
&  Eailway  Company,  the  Yuba  Electric  Power  Company  and  the 
Nevada  County  Electric  Power  Company.  The  accompanying 
map  will  give  some  idea  of  the  system. 

The  system  has  continuously  in  operation  about  700  miles  of 
line  at  50,000  volts,  70  miles  at  40,000  and  a  great  many  miles 
at  23,000,  16,000,  10,000  and  5,000  volts.  The  high-voltage  lines 
extend  from  the  Sierra  Nevada  Mountains  of  California  to  the 
Bay  of  San  Francisco,  and  are  thus  exposed  to  all  sorts  and  con- 
ditions of  weather.  In  a  short  time  some  of  these  lines  will  be 
operating  at  60,000  volts.  The  longest  distance  to  which  power 
is  regularly  transmitted  is  200  miles,  most  of  the  power  being 
transmitted  150  miles.  The  amount  of  power  available  on  the 
system  is  43,650  kw,  and  this  will  soon  be  increased  by  the  ad- 
dition of  two  5000-kw  generators  at  Electra.  Owing  to  the  large 
day  motor  load  the  peak  on  the  system  is  not  above  25  per  cent  of 
the  average  load. 

In  this  paper  I  will  give  as  briefly  as  possible  some  simple 
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Methods  of  line  calculation,  and  deal  with  the  means  of  controlling 
the  power  at  the  high  voltages. 

Part  I.  Line  Calculations. 
The  theory  of  the  transmission  of  electrical  energy  over  com- 
mercial distances  is  quite  simple,  and  at  present  better  under- 
stood than  formerly,  but  there  is  still  more  guess  work  than  there 
should  be.  As  all  long  transmission  work  is  three-phase,  this  is 
the  only  system  which  need  be  considered. 

1.  Circuits. — In  making  three-phase  line  calculations,  it  is 
generally  simplest  to  consider  one  leg  of  the  system,  assuming  it 
to  have  neutral  return  with  no  resistance  or  reactance.  Generally, 
high  voltage  systems  are  operated  with  grounded  neutral,  but 
whether  the  neutral  is  grounded  or  not  we  may  consider  the  quanti- 
ties between  one  line  wire  and  a  real  or  assumed  neutral.  The 
wires  will  be  assumed  as  arranged  on  the  corners  of  a  triangle. 

2.  Charging  or  Capacity  Current. — In  the  paper  referred  to 
above,  I  showed  that  the  line  capacity  of  a  three-phase  line  is 
star  connected,  the  capacity  of  each  wire  to  neutral  being  given 
by  the  equation  — 

2  lege  (^) 

in  electrostatic  units  per  centimetre  of  circuit,  d  (distance  between 
wires)  and  r  (radius  of  wire)  being  taken  in  the  same  units.  We 
then  have,  at  a  voltage  E  between  wires  and  frequency  / 


Charging  current  per  mile  of  wire  = 


Va  10« 


2 

(The    charging    current    of    a    three-phase    line    is— =  times,    or 

\'  3 

15.5^,  greater  than  the  charging  current  of  a  single-phase  line 
with  the  same  voltage  and  distance  between  wires). 

In  Curve  II.,  Fig.  1,  is  given  the  charging  current  in  amperes 
per  mile  per  wire  with  10,000  volts  between  wires,  the  frequency 
being  60  cycles.  From  this  curve  the  charging  current  for  any 
line  at  any  voltage  or  frequency  may  be  calculated  in  a  very  few 
moments.  Add  2^  to  the  value  obtained  for  a  Xo.  2-0  wire,  Ai 
for  No.  4-0,  etc.,  and  subtract  2^  for  a  N"o.  1  wire,  4;^  for  a  ISTo.  2, 
etc.  This  rule  practically  holds  for  a  half  dozen  sizes  on  either 
side  of  No.  0,  for  which  the  curve  is  calculated..  This  will  include 
all  sizes  commonly  used. 
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For  wire,  3/4"  in  diameter,  spaced  12  feet,  the  charging  cur- 
rent is  0.0331  amperes  per  mile  with  10,000  volts  between  wires. 
This  is  4^  less  than  for  No.  0  wire  spaced  48".  Curve  I  gives 
the  inductance  per  mile  per  wire  at  60  p.p.s.  For  single- 
phase  or  two-phase,  multiply  by  1.15.  For  single-phase  or  two- 
phase,  multiply  the  values  of  curve  II  by  0.87. 

3.  Reactance  Pressure. — The  self-induction  in  C.G.S.  units  per 
wire    per    centimetre    may    be    calculated    from    the    expression, 

^d\      1 


1  =  2 


logj- 


+  r 


and  the   self-induction   in   henrys   per  mile   per  wire   from  the 
expression  — 

L  =  henrys    per   mile  =  0.000,322  [2.303  log  (  -  )-f  .25]. 


The  percentage  reactance  pressure  for  a  given  current,  /,  at  a  given 
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Fig.  1. —  Inductance  and  chaeging  current,  No.  0  wtre. 

frequency,  /,  may  be  calculated  from  the  expression,  X  being  the 
length  of  line  in  miles, 


XL  2  7r/7 


E 

V3" 


xioo. 


We  see  that  in  the  formula  for  the  reactance  pressure  we  always 
have  the  ratio  of  the  voltage  between  wires  and  length  of  line  in 
miles.  Assuming  a  given  number  of  amperes  flowing  in  the  line, 
say  100,  we  may  construct  a  curve  between  the  percentage  reactance 
pressure  and  the  ratio  of  volts  to  length  of  line  in  miles  =  £'/Z, 
This  has  been  done  in  Fig.  2,  from  which  the  percentage  reactance 
pressure  for  any  given  case  may  be  quickly  determined.  Curves 
are  given  for  12",  24"  and  48"  between  the  wires.  The  results 
are  given  for  a  throe-phase  line  with  100  amperes  per  wire,  fre- 
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qucncy  —  GO  p.p.s.,  size  of  wire,  No.  0,  B.  &  S.  These  curves  bring 
out  in  a  striking  way  the  effect  of  reactance  in  the  line,  and  the 
difficulties  of  regulation  in  long  lines.  For  any  other  current, 
multiply  the  percentage  reactance  pressure  by  7/109 ;  for  any  other 
frequency  multiply  by  f/60.  For  a  single-phase,  or  two-phase 
system,  multiply  the  percentage  reactance  pressure  by  l.l-").  For 
'No.  1  wire  multiply  the  percentage  reactance  pressure  by  1.02; 
for  No.  2  wire,  multiply  by  1.04,  etc.  A  great  deal  of  labor  may 
be  saved  by  becoming  familiar  with  the  use  of  Fig.  2,  in  which 
the  abscissae  are  the  ratio  of  E  to  X. 
Example. — Voltage  between  wires  —  50,000 ;   distance  between 

wires  — 24";  length  of  line    100    miles.      Then  E/L  =  -^^^, 

^  lOU     ' 

and  from  the  curve.  Fig.  2,  we  find  the  percentage  reactance  pres- 
sure for  100  amperes  =  22.1.  The  reactance  pressure  in  volts  per 
loop  will  be  .221  X  50,000/  -^^3  =  6390  volts  per  wire. 
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Fig.  2. —  Percentage  reactance  pressure. 

These  curves  furnish  a  method  of  quickly  determining  the  per- 
centage reactance  pressure.  For  each  size  larger  than  No.  0  we 
subtract  2^  from  the  values  given. 

Rise  in  Pressure  Due  to  Charging  Current. —  It  was  shown  in 
the  paper  first  referred  to  that  for  all  practical  purposes  the 
capacity  of  the  line  may  be  considered  concentrated  at  the  center 
of  the  line.  This  being  the  case,  the  rise  in  pressure  is  due  to 
charging  current  flowing  over  the  line  reactance  from  the  generator 
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to  the  center  of  the  line  and,  hence,  may  be  calculated  by  the  ex- 
pression:    Rise  in  pressure  = (charging  current),  and 

the  percentage  rise  in  pressure  will  be  this  value  divided  by  the 
line  pressure  and  multiplied  by  100.  As  the  charging  current  varies 
as  the  line  pressure  the  percentage  rise  in  pressure  is,  therefore, 
independent  of  the  line  pressure. 

4.  Regulation  of  Transmission  System. —  Of  prime  importance 
is  good  regulation,  it  being  impossible  to  give  satisfactory  service 
unless  the  ordinary  fluctuations  of  voltage  can  be  kept  within  5^. 
This  is  not  difficult  with  large  induction  motors,  if  the  motors  carry 
a  fairly  steady  load.  By  large  motors  I  mean  from  500  to  1,000 
hp.  Smaller  motors  may  have  varying  loads  and  not  cause  any 
noticeable  fluctuations  with  lines  150  miles  long  operating  at 
50,000  to  60,000  volts.  The  most  difficult  load  to  handle  is  a 
large  electric  railway  load  having  no  storage  battery.  The  only 
way  to  handle  such  a  load  successfully  is  to  use  automatically  com- 
pounded synchronous  motors.  In  this  way  street  railway  loads  of 
any  size  may  be  handled  by  the  same  line  supplying  the  lighting. 

Since  the  method  of  calculating  the  regulation  of  a  transmission 
system,  as  ordinarily  carried  out,  is  exceedingly  laborious,  a 
method^  is  here  given  which  is  very  simple. 

Taking  the  lost  pressure  over  the  system  as  a  whole,  we  are  al- 
ways concerned  with  three  pressures  in  any  case:  (1)  The  receiver 
pressure,  (2)  the  lost  pressure  over  the  line,  (3)  the  pressure 
delivered  to  the  line.  The  lost  pressure  is  made  up,  in  any  prac- 
tical case,  of  the  resistance  pressure  and  the  reactance  pressure. 
^VTien,  as  is  generally  the  case,  we  have  receiver  loads  of  different 
power-factors,  we  get  simpler  results  if  we  consider  the  total  re- 
ceiver current  divided  into  two  parts,  one  the  power  component  and 
the  other  the  wattless  component  of  the  receiver  current,  and  re- 
gard each  as  flowing  separately  over  the  line. 

If  I  is  the  total  receiver  current  and  0  the  angle  of  lag  of  the 
receiver  current  behind  the  receiver  pressure,  the  power  component 
of  the  receiver  current  is  I  cos  ^^  and  the  wattless  component  is 
I  sin^,  (cos  ^  is  the  power-factor  of  the  receiver  circuit;  for  a 
non-inductive    load    cos^=l;    and    sin^^O,).      Let    E  =  oa, 

1.  "A  Simple  Diagram  Showing  the  Rofrulation  of  a  Transmission  Sys- 
tem of  Any  Load  and  Any  Power- Factor."  By  F.  G.  Bauni.  Electrical 
World  and  i:nfj.inccy.  May  18.  H>01.  Also  '"An  Alternating  Current  Calcu- 
lating Device,"'  by  F.  G.  Baum. 
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Fig.  3  represent  the  receiver  pressure.  The  pressure  consumed  by 
the  line  resistance  and  reactance  due  to  the  power  component  of 
the  load  current  is  7  cos^^V  R'J^{L<o)-',  in  which  R  is  the  re- 
sistance   and    Lw  is    the    reactance    of    the    line.      In    Fig.    3, 

ab  =  Zoos  0  R 

be  ^  I  cos  B  Lio 

ac  =  Jcoa  «  V~I^~+TI^. 
Ah  is  8^  of  the  receiver  pressure;  that  is,  the  PR  loss  in  line  is 
8;^  at  full  non-inductive  load. 

In  Fig.  3,  ac  represents,  then,  in  magnitude  and  direction,  the 
pressure  consumed  over  the  line  by  the  power  component  of  the 
receiver  current.     If  for  a  lagging  current  we  make  the  angle 

Tercentage — ^  "•cioi 


oa  -  Receiver  PifSKiire  =100  .'o 

Fig.  3. —  Showing  method  of  determining  begulation. 

cag  =  ^    (^  is  the  angle  by  which  the  receiver  current  lags  behind 
the  receiver  pressure),  and  the  angle  ac^  =  90°,  then 

c^=/  sin  ^  V  i22_^(X«>)2, 
as  can  be  proved  by  simple  geometry.  That  is  to  say,  eg 
represents  in  magnitude  and  direction  the  pressure  consumed 
over  the  line  by  the  wattless  component  of  the  receiver  current. 
(If  the  receiver  current  leads  the  receiver  pressure  by  the  angle  0, 
the  eg'  is  equal  to  the  pressure  consumed  by  the  wattless  com- 
ponent of  the  receiver  current.) 

It  should  be  particularly  noticed  that  the  pressure  consumed  by 
the  wattless  current  is  at  right  angles  to  that  consumed  by  the 
energy  current.  Notice  also  that  ac  is  proportional  to  the  power 
current,  and  eg  to  the  wattless  current.  The  true  direction  of  the 
power  current  is  along  E,  and  the  wattless  current  at  right  angles  to 
E, —  downward  for  lagging,  upward  for  leading  current.  The  line 
ag  therefore  represents  in  magnitude  and  direction  the  pressure 
consumed  over  the  line  by  the  total  receiver  current.  Hence,  eg 
represents  Eo,  the  pressure  delivered  to  the  line,  in  magnitude  and 
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direction.  Ac  represents  the  pressure  consumed  by  full-load  non- 
inductive  current.  Then  ac/2  will  represent  half-load  on  line,  etc. 
For  half-load,  and  the  same  angle  as  before,  E  is  given  by  oi. 
Through  c,  with  a  as  center,  a  circular  arc  has  been  drawn.  At 
full-load  current,  and  a  power-factor  corresponding  to  the  angle 
&,  the  value  of  E  is  given  by  oh. 

With  0  as  center,  circular  arcs  have  been  drawn  through  a, 
2,  4,  etc.  The  radial  distance  between  two  successive  arcs  is  2^ 
of  the  receiver  pressure.    We  see,  as  shown  by  the  point  c,  that  the 


Current  j^ 


r/   "^"o 


'    y  -  Values  of  Eo  .. 

Fig.  4. —  Showing  regulation  of  15-mile  transmission  system. 

regulation  of  this  system  for  full  non-inductive  load  is  11^;  that 
it;,  the  generator  pressure  must  be  11;^  higher  than  the  receiver. 
At  full  kilowatt  load,  at  a  power-factor  corresponding  to  the  angle 
0,  the  regulation  is  21^  as  shown  by  the  point  g;  at  full  kilovolt 
ampere  load;  that  is,  for  the  same  current  as  before  delivered  at 
the  same  power  factor,  the  regulation  is  19^,  as  shown  by  the 
point  h. 

In  Fig.  4  is  shown  a  case  corresponding  to  a  15-mile  transmission 
line,  for  a  receiver  pressure  equal  to  10,000  volts  (the  point  o  is 
not  shown)  ;  ac,  which  represents  full  load,  has  been  divided  into 
ten    equal  parts,    corresponding    to  0.1,    0.2,    etc.,    of  full    load. 
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Through  points  marked  0.1,  0.2,  etc.,  lines  have  been  drawn  at 
right  angles  to  ac.  Eadial  lines  making  angles  corresponding  to 
cos^=  0.95,  cos^  =  0.9,  etc.,  for  lagging  and  leading  currents, 
having  been  drawn  from  a.  Circular  arcs,  with  the  point  a  as 
center,  have  also  been  drawn  through  points  along  ac  marked  0.1, 
0.3,  etc.  The  regulation  for  any  load  and  any  power  factor  may 
be  determined  from  the  figure. 

For  example,  to  find  the  regulation  at  full  load  at  0.8  power- 
factor,  go  along  ac  to  c'=  0.9,  then  along  c'g'  to  the  intersection 
with  the  line  cos  ^  =  0.8.  The  regulation  is  seen  to  be  about 
214;^.  For  0.9  full-load  current  and  the  same  power  factor,  the 
regulation  is  17fc,  as  shown  by  the  point  h.  It  is  seen  that  for  any 
given  case  it  is  only  necessary  to  determine  the  triangle  ahc;  the 
remainder  of  the  figure  is  drawn  mechanicalljr. 


±7 


J'*-' 


Fig.  5. —  Showing  regulation  of  150-mile  transmission  system. 


Fig.  5  shows  the  regulation  of  a  150-mile^  60  p.p.s.,  three-phase 
line  for  any  load  and  any  power-factor,  with  30,000  volts  between 
neutral  and  line  wire,  giving  51,960  volts  between  wires.  The 
power  transmitted  is  3000  kw  per  leg,  or  a  total  of  9000  kw. 
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The  small  triangle  Kca  shows  the  rise  in  pressure  due  to  the  charg- 
ing current.  The  regulation  of  the  line  for  any  load  at  any  power 
factor  is  clearly  shown.  At  no  load,  with  27.500  at  generator,  we 
get  30,000,  or  full  voltage,  at  receiver,  or  a  rise  in  pressure  of  9^. 
The  effect  of  a  synchronous  motor  load  of  any  character  may  be 
determined  from  the  figure. 

5.  Electrical  Surges. — We  cannot  avoid  an  occasional  short-cir- 
cuit on  the  high-voltage  line.  These  shorts  cause  a  heavy  current 
to  flow  over  the  line,  and  the  breaking  of  this  current  sets  up 
surges  which  cause  a  rise  in  voltage  that  may  be  two  to  three 
times  the  normal  operating  voltage.  The  subject  has  been  dis- 
cussed by  Mr.  C.  P.  Steinmetz,  Dr.  A.  E.  Kennelly  and  Mr.  P.  H. 
Thomas.  A  simple  method  is  here  given,  the  matter  having  been 
first  presented  at  the  annual  meeting  of  the  Pacific  Coast  Trans- 
mission Association  in  1902. 

The  subject  is  an  interesting  one  to  us,  as  we  have  all  seen 
lightning  arresters  fused  on  account  of  the  sudden  opening  of  a 
circuit.  I  shall  attempt  to  put  the  matter  as  briefly  as  possible, 
and  in  such  a  form  that  the  rise  in  potential  which  we  may  get 
under  the  worst  conditions  may  be  easily  and  quickly  determined. 
The  most  important  case  of  opening  a  short  circuit  under  load  will 
be  discussed. 

Opening  a  Line  Under  Load  or  Short  Circuit. — Let  us  consider 
the  case  of  a  long  line  with  a  receiver  load  concentrated  at  the 
end.  The  line  capacity  will  be  assumed  equivalent  to  a  single 
capacity  at  the  center  of  the  line.  We  will  consider  one  leg  of  a 
three-phase  system.  The  self-induction  of  one  wire  from  the  gener- 
ator to  the  c-enter  of  the  line,  that  is,  up  to  the  assumed  location 
of  the  capacity,  is  L,  and  the  capacity  of  the  entire  line  as  a  con- 
denser is  C  (C  being  the  capacity  between  one  line  wire  and 
neutral).  A  current,  I,  flows  over  the  line  and  is  suddenly  inter- 
rupted. As  is  well  known,  the  energy  stored  up  in  the  magnetic 
field  (due  to  the  current  7),  between  the  generator  and  the  center 
of  line  is  LI-/2.  If  the  current  is  suddenly  interrupted,  this 
energy  must  flow  into  the  line  condenser,  since  there  is  no  other 
outlet.  (It  should  be  noticed  that  when  the  receiver  is  opened, 
the  line  condenser  is  in  series  with  one-half  the  line  and  the  gen- 
erator. ) 

If  V  is  the  resulting  potential  across  tlie  line  condenser  the 
energy  stored  up   in   the   condenser   is   CV-/2.     But   this  is  the 
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same  amount  of  energy  wliich  was  previously  stored  in  the  magnetic 
fieldj  neglecting  the  small  loss  due  to  the  current  flowing  over  the 
line  resistance  m  flowing  over  the  line  into  the  condenser.  There- 
fore, 

LP/2  =  CV'/2   or 

1 


I=VVC/L=VC-^^  (1) 

The  current  produced  in  a  condenser  of  capacity  C  by  an  elec- 
tromotive force  having  a  frequency  /  is  equal  to  E  C  2  ir  f. 

Comparing  terms  with  ( 1 )  we  see  that  — rmr  =  2  tt  /,  in  which 

/  is  the  frequency  of  the  current  in  the  condenser.  Equation  (1) 
may  therefore  be  written 

I=VC2Trf  (2) 

in  which  /  is  the  natural  periodicity  of  the  line.  What  really 
happens  then  when  we  interrupt  the  current  /,  is  that  the  same 
current,  having  its  natural  outlet  cut  off,  flows  into  the  line 
condenser  and  charges  the  line.  But  the  line  condenser  can- 
not remain  charged,  and,  therefore,  the  condenser  discharges 
again  into  the  line  self-induction,  and  the  energy  again  is  in 
the  form  of  magnetic  energy.  The  magnetic  field,  then,  again 
breaks  down,  giving  up  its  energy  to  the  capacity  and  the 
whole  cycle  is  gone  over  again  and  again,  until  the  resistance  of 
the  line  consumes  the  energy  originally  stored  in  the  line  self- 
induction.  The  frequency  of  the  give-and-take  of  energy  between 
the  capacity  and  line  self-induction  is  determined  by  the  natural 
periodicity  of  the  circuit  /.  The  frequency  of  /  in  the  equation  (2) 
is  therefore  the  frequency  of  the  current  I,  after  this  current  has 
been  interrupted  at  the  receiver.  If  the  circuit  is  working  normally 
at  a  frequency  f,  the  current  /  changes  from  a  frequency  /'  to  a 
current  of  frequency  /,  that  is,  from  the  normal  impressed  period 
t(.  the  natural  period  of  the  circuit. 

The  natural  periodicity  of  a  circuit  may  be  easily  found  from 
the  equation 

2Trf=l/y  L    C 
f  =1/2  IT  \firC  (3) 

For  a  three-phase  transmission  line  we  may  take  the  self-induction 
for  one-half  the  line,  for  one  wire,  as  .08  henries  per  hundred  miles, 
or  L  =  .08  D,  D  being  the  length  of  line  in  hundred  miles.  C 
may  be   taken   as  two   microfarads   per  hundred  miles,   or  C  = 
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2  D/10^  farads.     Substituting  for  C  and  L  in  equation  (3),  gives 
us  approximately 

/  =  400/Z).  (4) 

This  frequency  will  not  ditfer  much  for  different  distances  be- 
tween wires,  because  an  increase  in  the  distance  will  increase  L  and 
decrease  C,  the  product  remaining  nearly  the  same.  The  same  is 
true  for  different  sizes  of  wire.  That  is,  a  line  100  miles  long 
has  a  natural  periodicity  of  about  400;  a  200-mile  line  a  periodicity 
of  200,  etc.  If  we  are  operating  normally  at  60  cycles,  a  200-mile 
line  has  a  natural  periodicity  of  little  more  than  three  times  the 
frequency  of  operation. 

From  (2)  we  get  the  potential  across  the  line  condenser  due  to 
interrupting  the  current  I  equal  to 

7  =  7/0  2  tt/.  (5) 

Substituting  for  C  the  value  2D/10%  and  for  /  the  value  400/2?, 
we  get  the  simple  equation 

V  =  2001  (approximately).  (6) 

That  is,  the  rise  in  potential  due  to  the  surging  current  is,  as  a 
first  approximation,  independent  of  the  length  of  the  line  and 
equal  to  200  times  the  interrupted  current  in  amperes.  If  I  is 
equal  to  100  amperes  (141  amperes  maximum),  and  the  current 
is  interrupted  when  it  has  its  maximum  value,  then 
7  =  200  X  100  ^/'2  =  28,200  volts. 

Interrupting  200  amperes  would  give  us  double  this  rise.  This 
electromotive  force  will  be  superimposed  on  the  line  electromotive 
force,  so  the  maximum  strain  possible  for  any  interrupted  current  is 

Maximum  strain  =  ^  \/  2  -{-  200  I  \/  2. 
E  is  the  voltage  between  line  wires  and  neutral,  and  I  is  the 
current  in  amperes  interrupted.  It  has  been  frequently  noticed 
that  a  line  having  been  short-circuited,  and  the  short  circuit  broken, 
the  arc  will  frequently  re-establish  itself  or  a  new  short  start  at 
some  other  place  between  points  across  which  the  line  voltage  could 
not  jump.  The  superposition  of  the  oscillating  electromotive  force 
due  to  the  removal  of  the  short  circuit  to  the  line  electromotive 
force  is  no  doubt  the  explanation.  We  have  assumed  that  the  cur- 
rent is  instantly  interrupted.  An  arc  will  always  be  fomied  which 
will  reduce  the  rise  in  potential. 

On  account  of  the  inductive  drop  over  the  line,  it  is  very  probable 
that  the  current  to  be  transmitted  over  one  wire  of  a  long  distance 
transmission    (150  to  200  miles)   must  be  limited  to  about  100 
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amperes,  unless  the  frequency  is  reduced  below  sixty.  One  hundred 
amperes,  at  sixty  cycles,  transmitted  over  a  line  200  miles  long 
gives  us  an  inductive  drop  of  about  50  per  cent,  with  50,000 
volts  between  wires.  The  generators  will  probably  deliver  four 
times  full-load  current  as  a  maximum  on  short  circuit.  A  short- 
circuit  in  the  center  of  the  line  would,  therefore,  give  us  about 
twice  full-load  current,  so  that  tb.e  maximum  rise  in  potential  due 
to  the  interruption  of  the  short  circuit  would  be  about  56,000 
volts.  If  the  line  is  operating  at  30,000  volts  (equals  30,000 
V  2  maximum)  between  neutral  and  line  wire,  the  strain  would  be 
a  little  more  than  twice  the  normal.  Under  certain  conditions 
a  greater  rise  may  take  place. 

It  seems,  therefore,  that  there  is  a  limit  to  the  amount  of  power 
that  can  be  transmitted  over  a  line,  which  limit  is  fixed  by  the  in- 
sulation factor  against  the  surge  voltage.     If  we  reduce  the  fre- 
quency of  the  transmitted  current  to  25  or  30  cycles,  so  that  we 
could  transmit,  say,  in  the  neighborhood  of  500  amperes  over  a 
single  line  without  having  excessive  reactive  drop,  then  we  must 
insulate  for  the  normal  working  pressure,  say,  30,000  plus  the 
surge  voltage,  which  in  this  case  would  mean  insulation  to  with- 
stand a  voltage  of  185,000  volts'  as  shown  below  — 
Strain  =  30,000  V  3  +  200  X  500  V  3 
=  130,000  V  2  volts 
=  185,000  volts. 

In  other  words,  we  must  make  our  insulators  and  transformers 
stand  a  repeated  momentary  pressure  of  about  200,000  volts. 

To  transmit  the  same  power  at  60,000  volts,  reducing  the  cur- 
rent transmitted  to  250  amperes,  would  cause  a  smaller  total  strain 
due  to  the  surge.  The  enormous  strains  introduced  when  we  come 
t')  transmit  from  25,000  to  100,000  K.W.  over  a  single  line  will 
require  extraordinary  insulation  against  rupture  due  to  the  line 
surges. 

In  the  above  we  have  assumed  a  long  trunk  line  with  a  receiver 
at  the  end.  When  the  receiver  current  is  interrupted  the  line  cur- 
rent is  forced  into  the  condenser.  On  our  long  lines,  however,  we 
usually  have  loads  distributed  along  the  entire  length,  and  if  there 
is  a  load  on  at  dijfferent  points  the  line  discharges  a  portion  of  its 
energy  into  the  local  distributing  circuits,  and  the  rise  in  potential 
is  therefore  limited. 

The  amount  of  energy  stored  in  one-half  of  a  100-mile  line  is 
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quite  small,  yet  it  may  do  considerable  damage.    For  200  amperes 


i!;  IS 


i7V8=:51|^=  1600  joules; 

that  is,  1600  watts  for  one  second. 

We  see  from  the  above  that  the  most  dangerous  condition  is 
brought  about  when  we  suddenly  open  a  short  circuit.  Curve  I. 
in  Fig.  6  shows  the  calculated  oscillating  potential  due  to  inter- 
rupting 150  amperes  on  a  line  about  130  miles  long.  Curve 'II. 
shows  the  generator  potential  (60  cycles)  and  Curve  III.  the  re- 
sultant Hue  potential.    The  line  voltage  is  25,000  between  neutral 
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Fig  6. —  surge  voltage  on  tkaxsmission  line. 

and  live  wire.    The  current  is  interrupted  so  as  to  produce  a  maxi- 
mum rise  of  potential. 

The  resultant  potential,  we  see,  is  very  different  from  the  im- 
pressed generator  pressure.  If  we  continue  to  lengthen  our  lines 
until  the  natural  periodicity  of  the  circuit  becomes  nearly  equal 
to  the  impressed  periodicity,  it  is  very  probable  that  we  will  have 
some  new  problems  to  solve.  It  may  be  that  this  will  prove  the 
determining  factor  which  will  limit  the  distance  of  transmission. 


Part  II.     High  Potential  Control. 

1.  Insulators. —  We  have  on  our  lines  practically  every  type  of 
insulator  manufactured.  We  have  glass  insulators,  porcelain  in- 
sulators and  combinations  of  porcelain  and  glass  having  from  one 
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to  four  parts.  In  the  mountains  and  away  from  the  fog,  a  7-inch 
glass  does  very  well  on  40,000  volts,  but  to  go  from  40,000  to 
(JOjOOO  requires  that  the  insulator  be  increased  more  than  the 
proportionate  increase  in  voltage.     The  insulator  shown  in  Fig. 


Pig.  7. —  40.000-voT,T.   11-inch  porcelain  msrrtATOB. 

7  IB  used  up  to  50,000  volts,  but  at  this  voltage  it  gives  trouble  in 
the  fog  districts  and  during  wet  weather.  Insulators  of  the  types 
shown  in  Figs.  8  and  9  give  very  good  results  and  are  probably 


FlO.   8. —  60,000-VOI,T,    14-INCH   PORCELAIN   INSUUVTOB. 

as  good  as  can  be  obtained  at  present.     Fig.  9  has  been  designed 
by  the  engineers  of  the  California  Gas  &  Electric  Corporation. 

As  the  time  will  probably  come  when  100,000  volts  will  be  as 
common  as  10,000  is  today,  we  have  not  yet  reached  the  limit  of 
development  in  line  insulation. 
Vol.  11  —  17 
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In  testing  the  insulators,  each  part  is  subjected  to  more  than 
the  normal  voltage  from  line  to  ground.  The  top  is  generally 
tested  to  55,000  volts,  the  center  to  45,000  and  the  middle  petti- 
coats to  40,000  volts.    The  test  is  made  witli  salt  water  as  electrodes. 

2.  Pins. —  We  are  using  iron  pins  on  all  our  new  work,  and  be- 
lieve the  idea  of  depending  on  the  pin  for  insulation  is  wrong. 
Place  the  strain  where  it  belongs  —  on  the  insulator.  We  are 
making  our  pins  of  pipe  drawn  down  at  one  end.  The  pins  are 
galvanized  and  a  lead  thread  then  cast  to  fit  the  insulator. 


^4^: — J — Ir^B- 


Fig.  9. —  60,000-volt,  14-inch  porcelain  inrit^atob. 


3.  General  Line  Construction. — We  are  constructing  our  60,000 
volt  lines  with  a  6  ft.  spread,  the  wires  being  on  the  corners  of  a 
triangle.  On  our  late  work  we  are  using  tall  poles  and  spreading 
about  double  the  distance  ordinarily  used.  In  the  mountains  where 
we  can  take  advantage  of  the  hills  and  ravines,  we  use  long  spans, 
having  some  aluminum  spans  of  1000  to  1800  ft.  in  length. 

A  tower  construction  using  a  span  of  about  500  ft.  would  make 
an  ideal  line,  and  a  line  not  much  more  expensive  and  much  easier 
to  care  for  than  the  ordinary  pole  line. 

Our  method  of  entering  buildings  is  through  a  piece  of  plate 
glass  about  24  inches  square  having  a  hole  about  3  inches  in 
diameter  through  which  the  wire  passes.     The  glass  is  held  by  a 
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.simple  wood  frame.     This  coustruction  is  more  satisfactory  than 
the  old  method  of  passing  through  terra-cotta  pipes. 

4.  Line  Operation. —  The  lines  are  operated  by  keeping  men 
at  important  points  who  patrol  the  lines  from  one  to  three  times 
a  week,  depending  on  the  condition  of  the  line,  these  men  being 
ready  at  all  times  to  go  out  in  case  of  emergency. 

Our  line  troubles  have  been  due  to  a  few  weak  insulators;  in 
some  localities  we  have  a  good  many  insulators  shot  off.  Some  of 
our  unexpected  causes  of  trouble  have  been  cranes  or  geese  flying 
into  the  line;  cats  climbing  up  on  the  poles;  green  hay  carried  by 
wind  dropped  on  the  line;  an  engine  starting  up  under  the  lines; 
a  long  tailed  rat  crossing  temporary  bus-bars. 

5.  Transformers. —  Our  transformers  have  given  us  very  little 
trouble  and  are  really  the  most  satisfactory  part  of  the  system. 
High  primary  insulation  and  care  in  the  handling  of  the  oil  to 
keep  it  free  from  dirt  and  moisture  are  of  prime  importance.  The 
windings  should  be  dried  out  before  adding  the  oil. 

That  the  presence  of  the  oil  does  not  increase  the  fire  risk  was 
amply  demonstrated  by  a  fire  at  the  Colgate  station  in  March,  1903. 
The  transformers  were  in  the  hottest  part  of  the  fire  and  were  dam- 
aged but  little,  the  oil  acting  as  a  protection  to  the  winding.  The 
transformers  were  not  responsible  for  the  fire,  as  was  reported  at 
the  time. 

On  test,  the  primary  of  each  transformer  should  stand  a  test 
about  equal  to  double  the  star  voltage  for  which  the  transformer 
is  designed.  That^  is,  a  transformer  which  is  to  be  connected 
30,000  star,  giving  51,960  volts  line  pressure,  should  stand  an 
insulation  test  of  about  100,000.  Some  manufacturers  put  on  a 
test  voltage  from  two  to  three  times  the  transformer  voltage.  Less 
than  two  and  one-half  is  not  a  good  test. 

6.  Switches. —  We  find  it  convenient  to  use  two  types  of  switches 
to  handle  the  electrical  energy,  the  oil  type  and  the  air  type.  That 
the  oil  type  switch  is  the  only  one  that  will  stand  heavy  duty  has 
been  amply  demonstrated.  As  it  has  not  been  possible  to  purchase 
satisfactory  switches  in  the  market,  I  have  designed  a  line  of 
switches  for  our  high  potential  work. 

We  are  now  using  the  switches  shown  in  Fig.  10  at  our  power 
houses,  designed  to  handle  from  10,000  to  40,000  kw  at  50,000  or 
(>0,000  volts.  Each  pole  is  in  a  separate  tank  and  mounted  in  a 
fire-proof  compartment  as  shown  in  Pig.  11.  The  three  poles  are 
operated  tog-ether.    The  switch  as  shown  gives  four  breaks  per  leg. 
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On  less  important  work  we  use  the  two-break  switch  sliown  in 
Fig.  12.  This  is  a  very  simple  and  inexpensive  design,  but  answers 
all  purposes  as  well  as  more  elaborate  switches.  Switches  having 
the  same  operating  principle,  but  mounted  differently,  designed 
by  Mr.  R.  H.   Sterling,  have  been  in  service  on  the  system  for 


'    Eai  ElavalloD 

Fig.  11. —  60.000-voL.T.  four-break,  on.  switch  in  pl.\(E. 

several  years  and  have  given  very  good  results.     This  switch  will 
open  10,000  K.W.  at  60,000  volts  on  short  circuit. 

Disconnecting  switches  are  used  on  each  side  of  tlie  oil  switches, 
as  shown  in  Fig.  11,  that  the  switch  may  be  examined  and  re- 
paired with  line  and  bus-bars  in  service. 
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For  connecting  transformers  to  bus-bars  we  use  three  pole  dis- 
connecting switches,  as  shown  in  Fig.  13.  This  is  a  simple  design 
and  works  perfectly.  Fig.  14  gives  a  large  view  of  the  switch.  As 
shown  by  Figs.  11  and  13,  each  bus-bar  is  run  in  a  separ^ite  duct. 

For  an  outdoor  switch  for  substations  and  branch  lines  where 
the  load  does  not  exceed  about  1,000  K.W.,  we  use  the  switch  shown 
in  Fig.  15.  The  switch  is  mounted  so  that  the  three  poles  open 
simultaneously  from  a  distant  point. 

Electrically  all  switches  on  the  system  are  liable  to  have  the 


Fig.   12. —  60,000-volt,  two-break,  oil  switch. 


same  duty  to  perform  in  case  of  a  short-circuit  beyond  the  switch, 
and  some  make  it  a  practice  to  have  all  switches  the  same,  de- 
pending on  the  power  behind  them.  WTiile  this  is  correct  elec- 
trically, the  liability  of  trouble  is  slight  and  it  is  better  to  assume 
that  you  will  occasionally  bum  up  an  inexpensive  switch  by  trying 
to  open  on  a  short  than  it  is  to  burn  up  all  your  money  in  the 
beginning  by  installating  every  switch  of  a  high  capacity,  and  at 
great  expense. 

7.  Lighlninq  Arresters. —  For  lightning  protection  we  have  de- 
cided to  pin  our  faith  to  the  horn  arresters,  these  made  with  single 
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Frout  Eldvatiou 
Transforoiers  to  be  Located  under  SwiuJi  GaHery 


Ead  ClemiOQ  Looking  luto  SwUcil  ComfuUDSIll 


H»tt  of  Section  of  Switch  Gallery,  Ceiling  Removed 

Fia.   13. —  &0,000-VOLT  DISCONNECTING   SWITCIL 
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Fig.  14. —  60,000-volt  disconnecting  switch. 


2G4 


BAVM:     LONG  DWTANCE  TRANSMISSION. 


FlQ.    15. —  60,000-VOLT    OUTDOOR   LINE   SWITCH. 


Fig.  16. —  showing  geneiiai.  akranoement  of  poweb-housk. 
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or  double  air  gap.  This  simple  device  with  good  transronner  and 
line  insulation  has  given  good  results.  Lightning  is  very  often 
blamed  for  troubles  that  arc  primarily  due  to  insufficient  insulation 
and  ignorance. 

8.  General  Arrangement  of  Power  House. —  Fig.  IC  shows  my 
idea  of  the  general  arrangements  of  a  power  house  in  the  moun- 
tains. Our  high-head  power  stations  are  usually  in  deep  canyons 
and  the  logical  method  of  construction,  it  seems  to  me,  is  to  take 
advantage  of  the  natural  slope  as  shown.  We  go  from  the  generator 
through  the  2300-volt  switch  located  under  the  floor,  then  to  the 
transformers,  which  are  located  on  a  lower  level  than  the  power 
house,  with  the  floor  left  open  so  the  operator  can  see  the  trans- 
formers and  note  the  temperature  on  the  dial.  The  floor  level  of 
the  transformer  room  may  be  below  the  high  water  line.  From  the 
transformers  we  come  up  to  the  disconnecting  switches,  then 
through  the  oil  switches  to  a  second  disconnecting  switch  to  line. 
Locating  the  transformers  in  this  way  puts  them  in  view  of  the 
operator,  the  practice  of  constructing  a  separate  transformer  room 
at  a  distance  being  wrong,  in  my  opinion. 

For  fire  walls  we  have  the  tail  races  between  banks.  I  have  yet 
to  see  a  transformer  in  trouble  that  could  not  be  pulled  off  before 
anything  more  than  an  injury  to  the  coils  had  resulted.  The 
s\yitches  being  located  in  fire-proof  rooms  makes  it  impossible  for 
fire  to  spread  in  any  way.  The  arrangement  given,  it  is  believed, 
has  a  great  many  advantages,  being  compact,  safe,  easily  operated 
and  economical. 

Our  general  practice  is  to  generate  at  2300  volts  and  step  up  to 
the  line  voltage,  the  primary  of  transformers  being  connected  star 
with  grounded  neutral.  I  have  come  to  believe  the  grounding  of 
the  neutral  to  have  more  advantages  than  disadvantages.  We 
take  advantage  of  the  grounded  neutral  and  very  often  install  a 
single  transformer  in  a  substation,  one  side  going  to  line,  the  other 
to  ground;  where  the  load  is  larger  but  does  not  warrant  three 
transformers,  we  put  in  two,  using  two  legs  of  the  primary  and 
open  delta  on  the  secondary.  We  are  not  bothered  by  any  un- 
balancing of  load  at  the  power  houses. 

At  the  power  houses  we  use  no  fuses  or  circuit  breakers,  pre- 
ferring to  hang  on  to  a  short  rather  than  take  chances  of  pulling 
the  line  off  for  every  slight  interruption.  At  substations  the 
transformers  are  generally  fused. 
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The  size  of  our  units  has  gradually  increased  from  300  Irw, 
installed  in  1897,  to  our  present  5000  kw  units.  The  5000  kw 
unit  is  of  the  two  bearing  type  with  overhanging  water  wheel. 
With  this  type  we  can  put  20,000  kw  in  a  building  100  ft. 
long  X  50  ft. 

9.  Line  Voltage. —  Regarding  the  proper  voltage  to  be  used  for 
transmission,  this  will  depend  on  conditions,  mainly  on  the  length 
cf  line.  From  50  miles  up  it  will  be  generally  economical  to  use 
as  high  a  line  voltage  as  is  practicable.  At  the  present  time  G0,000 
volts  can  be  safely  handled  and  80,000  volts  is  not  out  of  reach 
in  certain  localities  by  those  experienced;  and  judging  the  future 
by  the  past  we  may  expect  to  reach  100,000  operating  voltage  in 
a  few  years. 

Our  greatest  trouble  is  occasioned  by  the  fog.  This  in  districts 
near  the  ocean  or  bay  settles  on  the  insulators  and  reduces  the 
insulation  to  such  an  extent  that  the  pins,  cross-arms  or  poles  —  if 
of  wood  —  are  set  on  fire.  In  the  mountain  districts  with  modern 
insulators  our  line  troubles  are  practically  nil.  Those  without 
experience  in  the  fog  districts  cannot  realize  the  difficulties  of 
insulating  against  a  heavy  fog. 

The  weak  point  of  the  transmission  system  is  in  the  insulators. 
With  an  insulator  to  stand  100,000  volts,  this  pressure  is  possible. 

To  sum  up,  my  experience  shows  that  it  is  easier  to  operate 
a  line,  say  from  30  miles  up,  at  50,000  or  60,000  volts  than  at 
25,000  or  30,000  volts,  assuming  that  a  considerable  amount  of 
power  is  transmitted. 

Discussion. 

Mr.  Wm.  Mokan:  I  would  like  to  ask  Mr.  Baum  a  few  questions  in 
reference  to  the  air  gap  offered  between  his  circuit  and  the  lighting  arrester 
grounds.    I  wish  to  know  the  number  of  gaps. 

Prof.  Baum:  Well,  that  altogether  depends,  I  think,  on  the  voltage.  We 
are  now  using  an  air  gap  from  a  line  to  ground  of,  I  think,  4  ineKes  or 
4^/i ;  but  it  doesn't  make  much  difference  which  it  is.  The  line  voltage  ia 
60,000. 

Mr.  MoBAN:  So  the  sixteenth-of-an-inch  per  thousand  stands  good  in 
your  voltage,  practically? 

Prof.  Baum:     Practically. 

Mr.  MoRAN:  Then  again,  what  is  your  voltage  in  the  metropolitan 
cities,  if  you  pass  through  any? 

Prof.  Baum:  We  are  passing  right  through  the  city  of  Oakland  with 
50,000  volts. 

Mr.  MoBAN:     Any  trouble  with  telephone  people? 
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Prof.  Baum:  Not  with  tlie  ti-lephone  people  —  the  politicians  sometimes 
bother  us. 

Mr.  MOBAN:  I  am  handling  30,000  volts  and  am  limited  on  account 
of  telephone  people.  A  question  arises,  in  connection  with  this  high  voltage, 
as  to  whether  you  are  not  confined  by  localities  rather  than  to  voltage.  I 
am  on  railroad  work  at  30,000  volts  and  we  were  held  Ao\va  to  30,000 
by  injunctions. 

Mr.  N.  J.  Neaix:  I  would  like  to  ask  iMr.  Baum  what  the  difficulties 
are  with  the  arresters  when  they  operate.  Suppose  you  have  two  arresters 
to  operate  simultaneously;  what  is  the  ettect  upon  the  regulation  and  how 
long  does  it  take  to  extinguish  the  arc? 

Prof.  Baum:  I  don't  know.  We  hear  every  once  in  a  while  that  some 
arrester  has  operated  with  a  very  vicious  arc.  Generally  the  power-house 
man  does  not  know  anything  about  it.  We  have  never  been  shut  down 
on  account  of  anything  of  that  kind.  There  is  the  ordinary  drop  of  voltage, 
of  course.  The  induction  motors  are  affected.  The  synchronous  motors 
are  thrown  out  of  step  but  they  get  in  soon  afterward. 

Mr.  Neal:  Then  I  assume  from  your  answer  that  no  two  arresters 
are  operated  at  the  same  time,  and  that  you  have  not  had  the  efifect  of 
a  short-circuit  over  your  lightning  arresters  ? 

Prof.  Baum:     Oh,  yes. 

Mr.  Neal:  You  say  you  have  nothing  more  than  a  drop  of  voltage  at 
your  generator? 

Prof.  Baum:  A  drop  in  the  voltage  may  have  occurred.  When  it  has 
occurred  we  had  to  pull  off  but  we  don't  know  why  we  pulled  off.  That 
broke  the  arc,  if  nothing  else  broke  it;  but  we  cannot  prove  that^ 

Mr.  Neax:  Would  you  not,  generally  speaking,  consider  it  an  objec- 
tionable feature  in  lightning-arrester  operation,  that  you  have  to  pull  otf 
when  your  arresters  operate? 

Prof,  Baum:  I  am  not  sure  that  we  have  had  to  pull  off.  Until 
I  am  you  cannot  sell  me  any  high-priced  lightning-arresters. 

Dr.  F.  A.  C.  Peerine  :  In  reference  to  this  discussion,  during  the  switch- 
ing experiments  that  Mr.  Baum  just  described,  where  they  interrupted 
12,000  kw  with  a  two-break  switch,  the  line  short-circuited  across  two 
414-inch  gaps,  across  horn  arresters,  but  it  burned  up  the  arresters,  the 
pole  head  and  the  No.  0  ground  wire. 

Prof.  Baum:     That  was  after  about  the  tenth  time. 

Dr.  Perbine:  'Yes,  it  was  after  about  the  tenth  short  broken  by 
the  switch  when  these  arresters  arced  across. 

Mr.  Neax:  May  I  ask  whether  you  had  resistance  in  those  arresters 
at  that  time? 

Dr.  Perrine:  None.  It  Avas  a  dead  short-circuit  at  the  power- 
house. We  were  operating  four  2000-kw  machines,  and  the  voltage  held 
constant.  The  ammeters,  at  the  time  the  switch  was  opened  indicated 
a  current  equivalent  to  12,000  kw  or  something  beyond.  Immediately  after 
we  had  interrupted  the  circuit,  the  lightning  arresters  at  the  power-house 
short-circuited. 

Mb.  Nei4L:  There  was  no  resistance  in  that  connection  between  the  two 
arresters  ? 
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Dr.  Perrine:  No  resistance  at  all.  It  was  a  dead  short-circuit  be- 
tween the  two  lines. 

Mb.  Moran  :  May  I  ask  if  you  have  tried  the  multiple-gap  arrester 
and  with  what  results  ?  That  is,  a  number  of  small  gaps  instead  of  one 
large  gap. 

Prof.  Baum:  I  don't  want  to  say  anything  against  any  lightning- 
arresters,  but  we  have  used  every  lightning-arrester  that  is  made,  I  think, 
with  the  exception  of  one.  We  have  used  every  type  of  multiple-gap; 
the  result  is  that  we  put  them  out  of  business,  can't  make  them  stay  on 
the  line ;  we  burned  them  up. 

Mb.  Moran:  Is  that  on  account  of  static  eiTect,  running  down  half  way 
on  the  arrester? 

Prof.  Baum:     No,  it  is  current  burning  it  up;  short-circuit. 

Mb.  Moran:     Have  you  any  static  interrupters  on  the  line,  dischargers? 

Prof.  Baum:     None  whatever. 

Mb.  Neall:  I  would  like  to  ask  one  more  question  in  regard  to  these 
arresters.  Last  year  when  I  was  out  visiting  this  line  I  found  the  horn- 
arresters  had  resistances  in  series  with  them-.  What  time  were  they  in- 
stalled and  what  was  the  object? 

Prof.  Baum::  There  are  some  that  have  resistances  in  series  and 
some  that  have  not.  I  think  there  are  two  with  resistances  in  series  and 
the  remainder  have  not.  We  do  not  notice  any  difference  in  the  operation 
of  the  arresters,  whether  they  have  resistances  in  series  or  not,  although 
I  prefer  the  resistances  in  series.  That  is,  a  resistance  between  the  ar- 
rester and  the  ground. 

Dr.  Pebrine:     But  that  is  not  resistance  between  lines. 

Prof.  Baum:     No. 

Dr.  Louis  Bell:  I  would  like  to  ask  Mr.  Baum  where  these  lightning 
arresters  were  located  on  his  line;  how  many  of  them  were  used? 

Prof.  Baum:     At  various  points    (indicating  on  blackboard). 

Dr.  Bell:  Then  they  are  put  in  at  discretion,  at  points  which  may 
seem  possible  danger  points,  and  nowhere  else? 

Prof.  Baum:     No. 

Dr.  Pebbine:  If  I  understand  you  correctly  they  are  only  put  in  at 
terminals. 

Prof.  Baum:     They  are  put  in  at  the  power-house  also. 

Dr.  Peiieine:      They  are  not  put  in  at  intermediate  points,  are  they? 

Prof.  Baum:     No. 

Mr.  Neall:  What  is  your  idea  of  the  best  resistance  for  an  arrester  of 
that  kind  ? 

Prof.  Baum:     I  havn't  any  particular  idea. 

Mr.  Neall:     What  type  of  resistance  arc  you  using? 

Prof.  Baum:  We  have  a  number  of  carbons  connected  in  series  — 
high-resistance  carbons;  some  of  these  are  immersed  in  oil. 

Dr.  Bell:  How  high  resistance  do  you  use  in  those  arresters  be- 
tween line  and  ground? 

Prof.  Baum:  Well,  I  couldn't  toll  you  exactly  as  I  did  not  put 
in  that  particular  resistance.     Mr.  Bunker  is  here  and  he  could  tell  you. 

Mb.  Neall:     Have  you  made  any  inveatigations  to  determine  the  result 
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on  the  line  when  one  of  these  arresters  discharges?  It  seems  to  me,  look- 
ing at  it  broadly,  if  you  have  got  to  wait  until  your  voltage  rises  suffi- 
ciently to  leap  four  inches  and  a  half,  that  there  may  be  other  points 
of  your  line  to  give  way  before  that  is  reached,  and  the  very  presence  jof 
the  horn-type  arrester  necessitates  a  very  abrupt  disturbance  on  the  line 
to  make  it  operate. 

Mr.  E.  F.  Ogle:  I  would  like  to  ask  a  question  in  reference  to  the  in- 
sulators in  Fig.  7  and  Fig.  8  of  the  paper.  With  the  type  of  insulator 
shown  in  Fig.  7,  have  you  any  trouble  with  the  snow  freezing  in  between 
the  petticoats,  or  don't  you  have  any  snow  ? 

Prof.  Baum  :     We  have  practically  no  snow  on  our  lines. 

Mb.  Ogle:  Do  you  have  any  trouble  with  the  cement  that  holds  them 
together  freezing  ? 

Prof.  Baum:     No. 

Mr.  M.  H.  Gerry  :  Let  me  ask  Mr.  Bavm  a  question  before  we  get  away 
from  this  lightning  arrester.  Do  I  understand  Mr.  Baum  that  he  had 
a  10,000-kw  —  or  perhaps  25,000-kw  —  capacity  short-circuit  on  that  4%- 
inch  gap,  and  that  the  arc  broke  or  the  arrester  without  the  necessity  of 
pulling  off,  or  anything  happening? 

Prof.  Batjm:     The  lighning  arrester  was  outside. 

Mr.  Gerry:    How  far  from  the  generating  point? 

Prof.  Baum:  Ninety-eight  miles.  The  short-circuit  produced  a  surge 
in  the  line,  breaking  down  the  4V^-inch  air-gap.  This  shows  a  rise 
of  voltage  to  something  like  100,000  volts.  That  is,  the  two  4% -inch  air- 
gaps  to  ground  would  mean  somevhere  around  90,000  or  100,000  volts. 
A  number  of  times  on  this  lightniwg  arrester  the  arc  would  break  with 
8000  kw  on  the  line.    The  last  time  it  simply  burned  up. 

Mb.  Gebby:     How  much  capacity  was  on  the  line? 

Prof.  Baum:     8000  kw  of  machinery. 

Me.  Gerry  :  I  think  there  would  be  somewhat  more  capacity  on  short- 
circuiting  across  the  lightning  arrester,  perhaps  15,000  kw. 

Prof.  Baum:     Certainly. 

Dr.  Pebbine:     We  read  12,000,  15,000  kw. 

Prof.  Baum:  The  ammeter  needle  went  off  the  scale,  and  the  arc 
just  simply  raised  up  and  broke. 

Mb.  Gebby  :  And  there  was  no  serious  drop  of  potential  —  50  per  cent, 
75  per  cent  —  across  that  gap? 

Prof.  Baum:  Well,  it  is  a  pretty  difficult  thing  to  read  a  volt  meter 
on  a  station  line  in  a  condition  of  that  kind,  I  think  you  will  realize. 

Mb.  Gebby:  Well,  if  it  went  to  anything  like,  say,  25  per  cent  voltage, 
it  seems  to  me  the  induction  motors  might  drop  oflf. 

Prof.  Baum  :     This  line  was  simply  on  test  at  that  time. 

Mb.  Gerby:     There  was  nothing  on  it. 

Prof.  Baum  :     No. 

Mb.  Gebby:  Then  it  practically  amounts  to  a  short-circuit  when  one 
of  those  arresters  goes  off? 

Prof.  Baum:      Yes. 

Mb.  G£BBT:  Then,  every  time  the  horn  arrester  goes  off  you-  have  a 
short! 
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Prof.  Batjm:     a  temporary  short. 

Mb.  Gerry:     Tlien  every  time  the  horn  arrpster  goes  oflF  you  lose  your 
load  or  part  of  it? 
.Prof.  Baum:     a  part  of  it. 

Mb.  Gerky:  Then  the  horn  arrester  is  simply  a  device  that  produces 
a  short-circuit  on  the  line  at  every  time  the  current  follows  into  the 
arrester? 

Prof.  Baum  :     Yes. 

Mb.  Gerry:     And  you  lose  your  load? 

Prof.  Baum:  Some  of  the  load.  You  must  remember  that  we  do  not 
have  these  arresters  going  off  every  day.  For  one  year  now  I  cannot  recall 
the  lighning  arresters  going  off  once.  The  last  time  they  went  off  waa 
when  we  made  this  test  and  I  can't  remember  them  going  off  since. 

Mb.  Gerry:  Why  don't  they  go  oflF?  Isn't  there  any  lightning  or 
doesn't  it  go  through  the  arresters? 

Prof.  Baum:  There  isn't  lightning  enough  to  bring  it  up  to  the  4i/^-inch 
gap. 

Mb.  Gebby:  Well,  isn't  that  what  breaks  the  line  then?  If  the  gap 
was  larger  wouldn't  you  have  still  less  trouble,  and  if  you  took  the 
arrester  off  all  together,  still  less? 

Db.  Bell:  In  case  a  short-circuit  or  fault  somewhere  back  on  the  line 
produces  a  short  across  the  arresters,  does  that  short  uniformly  hold 
for  any  considerable  length  of  time?  In  other  words,  does  it  hold  until  it 
practically  takes  the  arrester  with  it,  or  does  it  break;  and  if  it  does 
break  how  long  does  it  take  in  doing  it? 

Prof.  Baum:  Well,  you  can  realize  that  in  a  system  like  this 
which  covers  five  or  six  or  seven  counties,  that  I  or  one  of  my  men  cannot 
be  at  the  arrester  watching. 

Dr.  Bell:  I  understand.  But  has  not  the  action  of  the  arrester  ever 
been  observed,  to  see  when  it  breaks  successfully.  How  long  does  it  hoM 
before  breaking? 

Prof.  Baum:  In  case  of  this  arrester  it  broke  a  number  of  times 
up  to  a  year  ago.  Then  we  moved  the  lines  farther  apart.  The  man 
would  report  once  in  a  while  that  the  arresters  went  off.  Nobody  else 
reported  any  trouble  whatever.  At  one  point  a  man,  a  year  and  a  half 
ago  or  two  years  ago,  reported  that  the  lightning  arresters  went  off. 

Mr.  Gerry:      Well,  did  they  short-circuit? 

Prof.  Baum:  There  was  a  big  flaming  arc.  We  moved  the  arresters 
a  little  farther  apart.  Since  then  we  have  had  no  discharge  at  this  place, 
and  no  trouble  at  all. 

Db.  Bell:  In  other  words,  do  I  understand  that  the  arresters,  at 
least  now  and  then,  go  off  and  operate  successfully,  without  causing  dis- 
turbance enough  at  the  power  station  to  say  whether  that  break  was 
instantaneous  or  whether  it  lasted  two  or  three  seconds? 

Prof.  Baum:     We  don't  know. 

Db.  Perrine:  I  think  in  catechizing  Mr.  Baum  on  the  question  of  his 
horn-arresters,  we  are  getting  away  from  the  point  of  this  paper,  whicli 
is  practically  stated  by  Mr.  Baum  when  he  says  that  on  such  a  system  of 
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transmission  as  this,  he  would  use  the  highest  possible  voltage.  He 
is  having  less  troublesome  experience  at  55,000  —  which  is  about  the 
voltage  I  understand  he  is  running  now  —  than  he  had  at  lower  voltage, 
and  he  ascribes  this  largely  to  the  relatively  smaller  value  of  the  voltage 
when  a  surging  current  is  interrupted.  In  consequence,  he  believes  that 
it  is  advisable  to  keep  down  the  current  on  the  line,  keeping  up  the 
voltage,  for  the  reason  that  it  makes  these  minor  devices,  such  as 
liglitning  arresters,  relatively  unimportant.  It  is  not  the  important  point 
to  catechize  Mr.  Baum  on  whether  he  has  set  his  arresters  at  3%  inches, 
or  used  mutiple  gaps,  or  what.  The  point  that  he  has  made  in  his 
paper  is,  that  by  going  to  this  high  voltage  and  keeping  his  current  do\vn, 
he  has  made  the  minor  difficulties,  which  have  troubled  us  all  so  much, 
relatively  unimportant.  That,  I  think,  is-  due  not  only  to  his  high 
voltage  on  long  lines;  but  also  to  the  presence  of  multiple  stations  which 
feed  into  the  line  from  all  directions  and  which  feed  a  very  large  amount 
of  power,  so  that  while  in  our  discussion  we  may  say  that  a  short- 
circuit  reduces  the  voltage  on  the  line  beyond  it  to  nothing,  we  say  that 
not  knowing  what  actually  happens.  We  may  have  a  short  circuit  across 
an  arrester  or  between  lines,  across  a  piece  of  bale-wire  thrown  on  the 
line,  which  may,  as  Mr,  Baum  has  stated,  result  in  a  relatively  small 
current;  so  that  beyond  that  point,  if  we  have  generating  capacity 
enough  behind  us,  we  will  still  get  voltage,  and  although  we  may  have 
these  minor  interruptions,  they  will  not  interfere  with  the  service.  The 
paper  of  Mr.  Baum  is  notable  to  me  particularly  in  the  fact  that  he 
does  not  discuss  as  difficulties  many  of  the  problems  that  we  have  been 
discussing  in  our  transmission  papers  during  the  past  year.  For  example, 
when  the  first  of  these  lines  began  operation  the  question  of  the  capacity 
effect  became  very  important.  Until  Mr.  Baum  introduced  the  exciter 
device  which  he  has  already  described  to  us,  one  long-distance  trans- 
mission system  could  not  operate  a  lighting  load  on  account  of  troubles 
with  capacity,  and,  in  consequence  of  capacity  troubles,  we  have  often  dis- 
cussed the  use  of  motor-compensators.  You  will  notice  that  in  Mr. 
Baum's  paper  there  is  not  any  mention  of  any  necessity  for  these  artificial 
regulating  conveniences,  except  when  the  question  arises  of  operating 
large  street-railway  plants  with  their  variable  load.  So  that  on  account 
of  high  voltage,  keeping  down  current,  and  the  great  number  of  stations 
feeding  the  line  from  different  directions  and  different  points,  a  very 
satisfactory  solution  of  the  switching  problems  has  been  reached;  as  well 
as  an  apparently  satisfactory  approaching  solution  of  the  insulator 
problems.  In  this  great  system,  operating  a  total  of  about  700  miles  of 
high-potential  lines,  and  operating  two  stations  in  parallel,  325  miles 
apart,  he  gets  rid  of  the  troubles  which  some  stations  have  when  carry- 
ing relatively  small  amounts  of  concentrated  load  of  one  kind,  operating 
single  lines.  Tlie  success  of  this  system  is  the  success  of  a  system  which 
is  operated  as  a  whole,  and  it  is  not  only  the  lightning-arrester  difficulty 
which  largely  disappears,  but  it  is  also  the  capacity  difficulty  and  the 
inductance  difficulty  and  many  other  difficulties  which  also  largely  dis- 
appear. It  is  firmly  my  opinion  that  the  great  success  of  this  long- 
distance transmission  is  due  to  its  apparent  complexity. 
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Dr.  Beix:  I  think  the  whole  profession  owes  a  debt  of  latitude  to 
Mr.  Baum  for  his  practical  researches  on  these  problems  that  have 
been  bothering  us  all  more  or  less.  But  Apropos  of  what  I  think  Dr. 
Perrine  has  just  said,  I  cannot  help  feeling  that  there  is  a  phase  of 
the  matter  that  we  nre  justified  in  pre!?enting  to  Mr.  Baum's  attention. 
A  great  system  like  this,  the  greatest  transmission  system  in  the  world, 
may  not  have  immunity  from  all  troubles.  Wlien  you  feed  from  half-a- 
dozen  points  and  have  thirty  load  points,  trouble  no  longer  embarrasses  the 
system  as  a  whole,  so  that  many  of  the  difficulties  are  simply  minor  local 
troubles.  Nevertheless,  this  is  not  a  normal  transmission  line.  It  is  a 
wonderful  and  exceptional  one,  on  which  Mr.  Baum  has  been  privileged  to 
experiment.  If  we  had  instead  of  such  a  system  a  straightaway  system  of 
10,000  kw  for  75  or  100  miles,  and  the  same  troubles,  of  short  circuits 
over  the  arresters,  etc.,  came  upon  it,  it  would  not  mean  an  incident  in  the 
system;  it  would  probably  mean  losing  the  whole  load,  with  all  that  this 
implies.  So  that  while  these  difficulties  can  be  passed  over  as  minor  in  a 
splendid  large  system  with  a  considerable  number  of  feeding  points;  they 
become  major  difficulties,  perhaps  controlling  difficulties,  under  almost  pre- 
cisely similar  circumstances  as  regards  construction,  when  we  deal  with  a 
single  line  on  which  anything  happening  puts  the  whole  business  of  the 
company  out  of  commission  for  a  longer  or  shorter  period.  That,  I  think, 
is  why  we  pressed  home  some  of  these  questions  which  are  not  intended 
as  criticisms  at  all,  but  merely  to  get  Mr.  Baum's  valuable  experience 
on  some  of  them.  As  respects  the  high-voltage  proposition,  I  have  always 
believed  that  when  you  passed  over  the  moderate,  and  comparatively  in- 
significant voltages  of  the  past,  the  10,000  volts  or  so  which  was  used 
so  extensively,  the  proper  thing  to  do  was  to  play  the  limit  fairly,  and 
it  seems  to  me  one  of  the  great  advantages  of  playing  the  limit  is  not 
only  immunity  from  surging  —  I  have  seen  the  terrific  effect  of  it  at  three 
or  four  thousand  volts  —  but  the  fact  that  when  you  are  insulating  for 
r)0,000  volts,  you  are  planning  the  details  of  the  line  with  a  respectable 
factor  of  safety,  to  which  most  of  the  minor  troubles,  including  all  the 
minor  lighting  dischorges,  become  insignificant.  In  other  words,  when 
you  are  insulating  for  60,000  volts  as  thoroughly  as  Professor  Baum  is 
insulating  out  there,  the  ordinary  induced  lightning  flash  —  what  we 
generally  know  as  lightning  on  the  line  —  is  merely  an  incident;  it  is 
merely  what  might  as  well  be  a  part  of  a  surge  in  voltage,  a  part  of  any 
extra  rise  in  voltage,  but  cuts  no  figure  there  with  respect  to  the  margin 
of  insulation  of  sixty  or  seventy-five  thousand  volts  which  you  have  left. 
I  think  the  secret  of  these  high  voltages  lies  not  only  in  the  diniunition 
of  the  surging  troubles,  which  of  course  takes  place  just  in  that  way,  but 
also  the  fact  that  you  have  a  tremendous  factor  of  safety,  and  it  gives, 
all  of  UB,  I  think,  courage  in  attacking  the  problems  of  the  future  to  know 
of  the  great  success  which  Mr.  Baum  has  had  on  this  big  system,  and  the 
extent  to  which  the  insulation  precautions,  which  he  has  taken,  overcome 
these  minor  difliciilties. 

Mb.  MoiiAN :  I  would  like  to  ask  one  or  two  more  questions  from  Dr. 
Perrine    and    Mr.    Baum.      As    I    am    not   thoroughly    familiar    with    the 
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systems,  I  wish  to  ask  if  you  have  one  circuit  on  lighting  and  one  circuit 
on  rotary-conA'crtcr  power? 

Prof.  T5aum:     All  together. 

1Mb.  Moran:  What  I  was  driving  at  is  that  I  wish  to  try  to  find  the 
relative  trouble,  if  any,  on  a  rotary  load  and  a  lighting  load  on  such  a 
long-distanco  system. 

Prof.  Baum:  The  lines  are  operated  altogether;  everything  is  in 
parallel :  the  lighting  load  is  taken  off  from  the  same  line  that  the  motor 
load  ia  taken.  Up  to  a  year  ago  the  Northern  system  was  independent 
of  the  other  system,  and  we  supplied  its  load  from  one  power  house, 
whicli  was  a  straightaway  system,  load  of  course  being  taken  all  along 
the  various  points.  During  that  time  we  had  very  great  success  with 
the  continuity  of  service.  To  give  an  instance,  at  one  point  there  were 
two  800-hp  motors  driving  machinery  in  a  cement  plant.  We  have  a 
record  of  those  running  for  67  days  without  a  single  stop.  I  think  that 
is  as  good  as  we  can  got  in  any  steam  plant.  We  have  motors  driving  a 
street-railway  load,  and  we  run  that  very  often  thirty  or  sixty  days; 
we  sometimes  get  a  sudden  knock-out,  but  are  back  in  five  minutes.  If 
they  are  out  over  half-an-hour  we  hear  from  the  board  of  directors. 

I  will  illustrate  what  we  did  about  two  weeks  ago.  The  station  at 
Electra  entirely  broke  down.  There  was  a  load  all  along  its  line  which 
made  it  necessary  to  carry  everything  from  the  other  stations.  The  inter- 
mediate station  was  partly  disabled.  That  makes  a  distance  of  325  miles 
the  line  was  put  through.  We  started  up  one  machine  at  the  end,  and 
ran  it  as  a  synchronous  motor  and  varied  its  excitation,  and  the  entire 
load  was  carried,  one  portion  to  a  rainoi;  making  a  total  of  350  miles  of 
stretch.  The  service  was  just  as  good  as  when  we  were  feeding  from  both 
ends,  due  to  the  fact  tliat  we  had  the  synchronous  voltage  running  at 
the  terminal  and  we  held  the  voltage  just  as  though  we  had  the  power 
house  there. 

Mb.  Blackweix:  I  would  like  to  ask  Mr.  Baum  whether  all  the  dif- 
ferent plants  of  the  California  Gas  and  Electric  Corporation  are  ordi- 
narily operated  in  parallel;  or  whether  they  each  supply  a  different 
portion  of  the  system,  and  are  only  thrown  in  parallel  to  meet  emer- 
gencies ? 

Prof.  Baum:  Just  at  present  we  are  not  operating  them  in  paral- 
lel. We  intend  to  arrange,  in  the  course  of  time,  so  that  we  can  at  any 
time  parallel  them.  They  are  arranged  now  so  that  you  can  pass  a 
load  from  one  point  to  the  other.  The  two  systems  are  kept  separate 
at  present  so  that  the  services  from  one  line  will  not  affect  the  service 
on  the  other.  But  we  may  change  that.  I  anticipate  when  we  get  some 
insulators  replaced,  which  we  are  now  doing,  that  we  will  not  have  an 
interruption  once  in  two  or  three  months,  with  the  modem  insulators, 
and  in  that  case  we  might  as  well  tie  the  whole  thing  together. 

Mr.  T.  J.  Ceeaghead:  I  would  like  to  ask  Professor  Baum  about  the 
line  switch  as  shown  on  page  264.  I  have  not  dealt  with  the  fifty  and 
sixty  thousand  volt  lines  but  on  medium  high-tension  transmission  lines. 
T  have  always  had  the  greatest  respect  for  any  place  up  the  pole  any- 
where near  the  cross-arm.  Now,  in  the  use  of  a  line  switch  as  indicated 
Vol.  11  —  18 
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by  Professor  Baum,  I  would  like  to  know  whether  it  is  the  intent  to 
climb  the  pole  and  turn  the  switch  by  hand. 

Prof.  Baum:  The  switch  is  operated  from  the  ground  with  a  single 
lever.  The  three  switches  are  connected  here  with  a  wooden  cross-bar  and 
they  are  operated  from  the  ground  with  a  lever. 

Mr.  P.  II.  Thomas:  I  wish  to  ask  the  author  for  a  point  of  informa- 
tion. As  I  understand  his  calculation,  the  possible  voltage  rise  on  a  line 
due  to  the  interruption  of  a  short-circuit  current  is  made  as  follows: 
The  heavy  current  resulting  from  the  short-circuit  stores  magnetically  in 
the  inductance  of  the  line  a  considerable  amount  of  energy.  On  inter- 
rupting this  current,  this  energy,  is  discharged  into  the  capacity  of  the 
line.  The  result  is  a  certain  rise  of  potential,  depending  on  the  inductance 
of  the  line,  the  resistance  and  capacity  and  some  other  factors.  The 
numerical  value  of  this  equation  is  based  upon  the  assumption  that  the 
interruption  of  current  occurs  near  its  maximum  value.  What  I  wish  to 
ask,  is  whether  any  experimental  evidence  has  been  derived  tending  to 
show  that  actual  interruption  of  current  does  occur  near  the  maximum 
point?  I  wish  to  call  attention  to  the  distinction  between  the  mathemati- 
cal basis  of  the  equation  stated  and  the  rise  of  potential  which  may  occur 
due  to  a  resonant  circuit  tuned  to  an  oscillating  source  of  electromotive 
force,  the  latter  requiring  evidently  a  number  of  alternations  to  estab- 
lish maximum  potential.  As  far  as  my  observation  and  experience  are 
concerned,  which  include  a  number  of  direct  experiments,  no  positive 
evidence  is  obtained  proving  that  a  heavy  current  will  actually  be  inter- 
rupted near  its  maximum  point  within  the  wave. 

Prof.  Batjm:  Mr.  Thom.as  has  got  the  wrong  impression  from  the 
article.  Tlie  rise  in  voltage  is  two  hundred  times  the  interrupted  cur- 
rent, as  I  said.  Take  the  value  of  the  current  the  moment  you  in- 
terrupt it,  and  you  get  the  rise  in  voltage.  If  you  have  no  current,  you 
have  no  rise.  In  other  words,  the  current  is  sinusoidal.  If  you  inter- 
rupt it  at  the  zero  line,  we  don't  get  any  rise  in  voltage.  If  we  inter- 
rupt it  at  the  crest,  the  maximum,  we  have  the  maximum  disturbance. 
!  do  not  think  we  have  any  more  evidence  that  the  current  will  be  in- 
terrupted at  the  crest  than  we  have  that  it  will  be  interrupted  at  any 
other  point.  If  you  throw  a  wire  over  that  line,  you  do  not  know  whether 
the  final  burning  out  is  going  to  be  at  one  point  of  the  current  wave  more 
than  another. 

Dr.  Perhine:  I  think  the  real  thing  Mr.  Thomas  is  trying  to  get  at 
is,  whether  there  is  any  direct  evidence  that  there  is  any  considerable  rise 
in   potential  ? 

Mb.  Thomas:     That  is  the  point  exactly. 

Prof.  Baum  :  When  we  performed  these  experiments  by  short-cir- 
cuiting this  line  a  hundred  miles  away,  we  short-circuited  the  switch, 
an  oil  switch;  the  line  discharged  over  an  arrester  set  for  4*^  inches. 
You  can  readily  calculate  your  voltage  in  order  to  jump  that  air  gap; 
about  90,000  volts;  4% -inches  to  ground,  9  inches  between  lines;  short- 
circuit  to  ground.     That  occurred  repeatedly. 

Mr.  Tiio.mas:     At  which  end  did  that  discharge  occur? 

Prof.  Baum:     It  occurred  at  the  power  house.     It  would  undoubtedly 
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liave  occurred  elsewhere  if  we  had  other  lighning  arresters.  It  occurred 
at  the  power  house  because  that  is  where  we  had  lightning  arresterw.  It 
was  an  oil-break  switch. 

Mr.  Thomas:     What  do  you  conclude  from  that? 

Prpf.  Baum:  I  conclude  from  that  that  you  get  a  rise  in  voltage 
somewhere  approximating  that  formula,  due  to  an  interruption,  a  short- 
circuit. 

Db.  Perrine:  I  think  there  is  an  unfortunate  double  meaning  to  the 
term  "  resonance "  as  employed  in  the  discussion.  Mr.  Baum  is  using 
resonance  to  signify  the  discharge  due  to  a  resonant  circuit,  a  circuit 
which  may  not  be  perfectly  balanced  against  another  circuit  but  which 
at  the  same  time  is  a  circuit  which  discharges  because  it  has  inductanc 
and  capacity  in  it  and  in  which  the  current  circulating  is  interrupted. 
What  Mr.  Baum  is  giving  us  is  what  actually  occurs  when  we  interru;)t 
a  definite  circuit.  What  Mr.  Thomas  described  is  what  might  occur,  if 
we  had  one  circuit  perfectly  balanced  against  another  circuit.  If  this 
were  impressed  with  the  same  frequency  and  voltage  that  are  used  in 
Mr.  Baum's  calculations,  it  would  result  in  a  very  much  higher  increase 
of  potential. 

Mr.  Thomas:  The  information  I  desire  is,  which  is  the  actual  explana- 
tion of  our  troubles? 

Prof.  Baum:     I  think  that  is  given  here. 

Mr.  Thomas:  I  was  asking  what  the  evidence  was  for  that;  that  was 
the  point  I  was  starting  out;  and  if  that  is  clear  then  I  am  through. 
What  is  the  evidence  of  that?     You  assume  it  is  so? 

Prof.  Baum  :  There  is  nothing  theoretical  that  can  be  shown,  but 
I  have  never  heard  the  thing  questioned  before. 

Dr.  Bell:  As  a  matter  of  fact,  when  we  have  a  circuit  .luch  as 
Professor  Baum  has  indicated  we  have  a  perfectly  straightforward  clear 
case  of  simple  resonance  in  a  simple  circuit  and  under  those  circumstances 
we  get  that  rise.  You  can  call  it  by  any  name  you  please.  It  is  simply 
one  form  of  resonance.  The  last  speaker  was  referring  to  what  you 
might  call  complex  resonance,  which  I  believe  actually  does  take  place  on 
lines  oftener  than  we  think. 

'Mr.  NeiA-ll:  I  wish  to  add  to  Dr.  Bell's  remarks  that  I  do  not  wish 
to  criticise  Professor  Baum  for  his  lightning  arrester,  but  to  call  at- 
tention to  the  importance  of  the  lightning  arrester  situation  in  general. 
Abroad,  where  the  horn-type  arrester  has  been  used  very  generally,  there 
seems  to  be  no  data  to  show  its  efficiency  at  50,000  volts.  This  system  of 
protection  has  not  until  recently  met  with  favor  in  this  country,  and  its 
present  employment,  which  is  confined  to  very  high  voltages,  indicates  a 
degree  of  protection  lacking  in  our  regular  types.  For  this  reason  we 
can  appreciate  the  desirability  of  all  possible  information  as  to  the 
operation  of  Professor  Baum's  50,000-volt  horn-type  arrester.  My  ques- 
tion has  for  its  object  more  to  learn  what  happened  to  these  arresters 
than  to  criticise  any  individual  for  installing  them.  In  continuation 
of  my  series  of  questions,  I  should  like  to  ask  Professor  Baum  if  he  has 
lost  any  poles  directly  from  lightning. 

Prof.    Baum  :      I   do   not   think   we   have   lost   any    poles   due   to   light- 
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ning.  We  may  have  lost  an  insulator  here  and  there,  but  I  cannot  trace 
and  absolutely  prove  a  single  thing  on  our  lines  due  to  lightning. 

Mr.  Neajx:  Don't  you  think  you  could  have  taken  a  record  of  the 
operation  of  your  arresters  wherever  they  have  been  installed,  by  putting 
in  supplementary  gaps  and  having  your  men  watch  them  regularly,  Jthus 
knowing  very  closely  what  your  arresters  were  doing  and  when  they 
did  it? 

Prof.  Baum  :  Of  course,  we  try  to  get  all  the  information  we  can 
from  our  system.  You  are  no  more  eager  for  information  than  we  are. 
We  do  not  get  the  information  primarily  to  present  to  a  meeting  of  this 
kind.     We  get  it  primarily  for  ourselves. 

Mr.  Neall:  I  do  not  want  to  appear  prejudiced,  but  it  does  seem  to 
me  that  the  usefulness  of  the  horn-type  arrester  has  not  been  brought 
out  prominently.  The  only  thing  that  has  been  brought  out  is  that  it 
does  not  do  any  harm  to  the  system,  but  there  is  a  very  giave  question 
whether  it  does  any  good. 

Prof.  Baum:  Well,  I  consider  it  a  safety.  It  may  not  operate  more 
than  once  in  a  year,  may  not  operate  more  than  once  in  two  years,  but 
even  if  it  shuts  down  your  system  once  in  two  years  absolutely,  I  con- 
sider it  a  safety  to  the  system. 

Mr.  Neall:  Do  you  think  it  is  any  better  in  that  respect  than  other 
forms  of  arresters  which  will  discharge  at  lower  voltage? 

Prof.  Baum  :  The  trouble  is  that  they  discharge  too  often.  We  do 
not  want  them  to  discharge  that  way.  When  they  discharge  once  they 
are  entirely  out  of  business;  you  have  got  to  buy  a  new  set,  and  you 
know  how  many  there  are  in  multiple;  it  is  expensive  to  put  in  light- 
ning arresters  of  the  ordinary  type.  Here  we  just  put  up  a  lot  of  copper 
wire  and  there  is  the  end  of  it.  We  could  keep  one  freight  car  from  the 
East  loaded  with  lightning  arresters  of  the  ordinary  type  busy  all  the 
time.  Of  this  kind  we  can  buy  ordinary  copper  wire  in  stock  and  put 
it  up. 

Mr.  Nel4LL:     Is  that  a  matter  of  experience  or  just  a  matter  of  belief? 

Prof.  Baum  :  That  is  experience.  I  have  had  lightning  arresters  out 
there  by   the  hundreds. 

Mr.  Xeall:   Have  you  tried  all  typos  of  arresters? 

Prof.  Baum:     All  types  that  we  could  get  hold  of. 

Mr.  Neall:  Then  I  am  to  infer  from  your  remarks  that  you  believe 
for  the  future  protection  of  high-voltage  lines  that  some  simple  form  of 
horn  arrester  is  the  solution? 

Prof.  Baum:  I  don't  profess  to  have  any  particular  prophetic  vision 
in  the  matter  at  all.  At  present  we  are  using  the  horn  arrester.  As  far 
as  I  am  concerned  I  would  just  as  soon  take  them  all  off;  but  I  keep 
them  there  for  safety. 

Mr.  MoRAN :  I  have  had  no  experience  with  the  horn  arresters  and  hare 
had  some  with  the  multiple-gap  arrester;  a  test  of  forty  thousand  volts 
did  not  prove  satisfactory  to  the  multiple-gap  arrester.  If  you  will  notice 
30,000-volt  lightning  arresters  in  working  condition,  closed  upon  the  line 
there  will  be  seen  a  number  of  sparks  constantly  plying  between  the  gap 
half  way  down  the  arrester,  and  as  the  surges  in  the  line  increase  they 
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will  go  to  ground,  opening  the  circuit  if  you  have  any  automatic  arrange- 
ment in  the  line,  so  that  Mr.  Baum's  answers  indicate  to  me  that 
30,000  volts  is  the  limit  for  such  arresters. 

Mr.  Gerby:  Mr.  Baum  remarked  that  the  limit  of  transmission  tension 
rested  with  the  insulator.  I  think  it  does  not  rest  with  the  insulator,  but 
with  the  transformers  and  secondary  apparatus,  such  as  the  lightning 
arresters,  switches,  etc.  Many  of  the  difticulties  have  been  worked  out 
by  Mr.  Baum,  and  he  has  shown  that  we  may  go  with  safety  to  some- 
what higher  pressures,  but  it  seems  to  me  that  the  limiting  condition 
is  still  in  the  apparatus  even  more  than  in  the  line  insulation.  The  liorn 
type  of  arrester  will  undoubtedly  do  good  work  under  certain  conditions, 
but  as  Mr.  Baum  will  concede,  if  the  gap  be  adjusted  so  that  it  will  dis- 
charge only  occasionally,  a  number  of  small  difficulties  such  as  occur  with 
multiple-gap  arresters,  will  be  overcome  but  they  will  then  be  concentrated 
in  one  considerable  difficulty,  perhaps  an  interruption  of  the  service,  which 
may  occur  but  once  a  month  or  once  a  year,  depending  upon  the  climatic 
conditions.  In  regions  where  there  is  a  great  deal  of  lightning  it  may 
readily  be  seen  that  a  horn  arrester  might  produce  most  unsatisfactory 
results,  in  the  way  of  frequent  shut-downs,  while  in  other  localities  the 
results  from  a  practical  standpoint  might  be  acceptable.  I  brought  up 
the  lightning  arrester  question,  not  because  I  disagreed  with  Mr.  Baum, 
but  to  bring  out  the  facts,  and  having  done  this  I  wish  simply  to  reiterate 
the  statement  that  I  believe  the  limitations  of  working  pressure  for  trans- 
mission purposes  to  be  in  the  lightning  arresters,  switches,  and  secondary 
apparatus,  as  well  as  in  the  transformers.  These  limitations  are  not 
permanent,  and  the  difficulties  they  present  will  be  overcome,  but  at  the 
present  time  the  limiting  conditions  are  there  rather  than  in  the  line 
insulation. 

Prof.  Baum  :  I  do  not  agree  with  Mr.  Gerry  on  most  of  those  points. 
The  transformers  are  not  limited  to  the  present  voltages  for  which  they 
are  now  being  built.  We  are  willing  to  build  oil  switches  for  100,000  volta 
if  we  want  them.  The  lightning  arrester  I  think  will  take  care  of  itself 
when  you  are  operating  at  100,000  volts  and  over;  that  is,  if  you  insulate 
the  line  properly.  There  is  nothing  left,  in  my  mind,  but  the  line  insulator, 
and  I  consider  that  the  weak  point  of  the  transmission  —  the  only  one 
at  which  we  see  any  very  great  difficulty  in  going  to  a  higher  voltage,  say 
100,000  volts.  In  other  words,  I  believe  if  it  were  not  for  the  line  in- 
sulator Ave  could  go  to  100,000  volts  to-day. 

Chairman  Scott:  We  have  had  a  very  interesting  discussion  on  the 
matter  of  lightning  arresters,  even  though  it  be  but  an  incidental  part  of 
the  paper.  I  fear  that  some  of  the  things  Mr.  Baum  has  said  are  sus- 
ceptible of  misinterpretation  by  others.  If  the  simple  statement  goes 
forth  that  in  operating  his  line  he  has  found  the  simple  horn  arrester 
to  be  ample,  and  since  his  lines  constitute  the  most  extensive  system 
in  existence,  then  others  may  conclude,  tliat  because  tlieir  lines  are  shorter 
and  voltage  lower,  the  horn  arrester  will  be  ample  for  them.  I  do  not 
believe  Prof.  Baum  quite  intends  that  interpretation.  In  fact,  he  has 
said  that  he  has  but  little  lightning,  and  that  he  would  not  regret  very 
much  leaving  them  off  entirely,  but  it  was  rather  a  matter  of  conscience 
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and  sentiment  that  the  arresters  were  put  on,  so  that  they  nii^rht  feel  a 
little  safer.  The  absence  of  severe  lightning  is  shown  by  the  fact  that  they 
have  lost  no  poles  by  lightning.  On  another  plant  a  gentleman  told  me 
a  while  ago  that  in  one  storm  forty-seven  consecutive  poles  were  more 
or  less  affected,  and  that  he  had  bad  large  poles  from  which,  after  one 
good  disturbance,  there  wasn't  enough  left  to  make  a  fence  post.  Now 
Prof.  Baum  is  not  talking  about  conditions  of  that  kind.  He  has  said, 
moreover,  that  something  happens  on  the  lines  from  time  to  time,  and 
he  does  not  know  whether  it  is  caused  by  the  lightning  arrester  or  not; 
and  he  suggests  that  these  disturbances,  due  to  lightning  arresters  or 
something  else,  may  be  eliminated  so  that  they  occur  only  occasionally. 
Perhaps  in  the  large  system  there  is  less  likelihood  of  shutting  down  due 
to  a  disturbance  at  one  place;  but  there  are  plants  in  which  the  mere 
fact  of  a  temporary  shut-do\\Ti  once  or  twice  a  season,  of  perhaps  only 
a  few  minutes,  and  involving  little  or  nothing  in  the  way  of  cost  and 
repairs,  would  lead  to  a  very  grave  criticism  of  the  protective  devices. 
So  I  think,  in  line  with  what  Mr.  Gerry  has  said,  we  must  feel  that 
the  lightning  arrester  problem  is  not  at  all  solved  because  there  have 
not  been  more  difficulties  on  the  Bay  Counties  line.  If  the  operating 
engineers  are  satisfied  with  a  horn  arrester;  if  that  will  do  all  that  they 
want,  the  manufacturers  of  lightning  arresters  have  been  entirely  off  the 
track  in  spending  thousands  of  dollars  and  the  time  of  experts  in  trying 
to  solve  the  problem.  Some  may  say  it  is  because  they  want  to  sell  some- 
thing; but  primarily  it  is  because  of  the  fundamental  need  of  something 
of  that  kind,  and  because  they  have  felt  there  is  such  a  need.  In  fact  1 
rather  think  that  some  of  those  who  manufacture  lightning  aresters 
would  possibly  be  glad  to  be  relieved  of  the  whole  problem,  but  it  is  a 
necessary  element,  and  one  of  the  most  difficult  in  the  preparation  of  J-he 
apparatus  for  transmission  systems,  and  I  rather  feel  that  operating 
engineers  do  not  want  to  express  a  sentiment  which  will  lead  to  the  idea 
that  efforts  in  this  line  by  those  who  are  doing  the  work  of  investigation, 
and  trying  to  prepare  apparatus  of  this  kind  should  be  lessened.  Do  I 
state  it  properly.  Prof.  Baum? 

Prof.  Baum:  That  is  correct.  I  do  not  want  to  give  out  the  impression 
that  if  I  were  operating  in  a  different  part  of  the  country  and  I  were 
operating  at  a  different  voltage  that  I  would  not  put  on  the  multiple- 
gap    lightning   arrester. 

Chairman  Scott:     Probably  put  on  everything  you  could  get? 

Prof.  Baum:  Tried  cverj-thing  I  could  get.  We  have  tried  this  here  and 
it  has  gone  out  of  service  and  we  have  tried  something  else. 

The  Chairman:  Is  there  any  further  discussion  of  this  paper.  If  not 
we  will  call  upon  Dr.  Perrine  for  his  paper. 
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ciation  and  of  the  Pacific  Coast  Travsmission  Association, 


A  characteristic  of  American  practice  is  that  it  tends  toward 
standards  not  only  in  the  matter  of  the  sizes  of  units,  speeds  and 
manufacture  appearance,  but  also  in  the  methods  of  producing 
results  and  in  types  of  engineering.  While  it  may  be  true  that 
this  tendency  was  originally  based  upon  a  desire  for  cheap  manu- 
facture and  interchangeability  of  parts,  at  the  same  time  it  must 
be  understood  that  the  present  elaboration  of  this  policy  is  some- 
what due  to  the  fact  that  in  so  large  a  country  the  ideas  of  the 
best  men  cannot  be  directly  applied  except  as  they  may  be  adopted 
for  standards.  No  one  section  of  the  country  produces  the  best 
men  necessarily,  nor  does  any  one  group  of  engineers  dominate 
our  practice.  On  the  contrar}',  the  meetings  of  our  engineering 
societies  have  taken  the  character  of  sittings  of  committees,  where 
are  presented  many  plans,  and  where  all  plans  are  carefully  dis- 
cussed and  sifted.  From  those  presented  the  best  is  chosen  and 
becomes  the  standard. 

Accepting  these  results  as  the  standard  does  not  imply  that 
there  is  general  in  this  country  a  spirit  of  copying  or  of  servile 
imitation  among  the  engineers.  On  the  contrary,  we  feel  that  the 
result  of  the  attitude  so  prevalent  in  American  engineering  at 
the  present  time,  of  establishing  standards,  has  introduced  a  wise 
spirit  of  conservatism,  and  has  thrown  the  burden  of  proof  upon 
each  one  presenting  a  new  idea.  At  the  same  time  it  has  resulted 
in  raising  the  character  of  the  average  engineering  work  through- 
out the  country,  until  today  good  American  engineering  can  bo 
found,  not  only  in  the  great  spectacular  plants  near  enough  to 
the  large  centers  of  progress  to  have  the  personal  attention  of  the 
most  experienced  engineers,  but  in  consequence  of  this  system  of 
practice  an  equally  good  type  of  engineering  can  be  found  in  the 
plants  in  the  out-of-the-way  deserts  or  mountain  regions,  where 
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the  local  engineer  of  good  capacity,  knowing  his  conditions  thor- 
oughly, has  relied  upon  the  standards  established  by  his  fellows 
in  those  particulars  where  his  own  experience  has  been  limited, 
and  in  consequence  a  plant  is  produced,  not  only  more  perfectly 
adapted  to  the  particular  circumstances  of  its  surroundings,  but 
in  all  details  more  thoroughly  satisfactory  than  could  have  been 
designed  under  any  other  system.  Our  rule  is  that  invariably 
one  should  adhere  to  well-established  practice  and  introduce  such 
modifications  as  are  made  necessary  by  the  local  conditions.  This 
does  not  limit  the  full  employment  of  the  energies  and  brains  of 
the  local  engineer,  since,  without  a  special  consideration  of  out- 
side details,  there  is  always  in  every  transmission  plant  particular 
circumstances  which  tax  the  ingenuity  of  the  best.  That  this  is 
the  general  method  of  American  practice  will  be  seen  by  any 
one  who  consults  the  report  of  the  standardizing  committee  of 
the  American  Institute  of  Electrical  Engineers.  The  report 
covers,  not  only  units,  standard  methods  of  testing,  and  details 
of  manufacture,  but  also  procedure,  both  outdoor  and  in,  for  all 
types  of  plants,  and  this  report  in  itself  has  resulted  in  a  certain 
similarity  of  type  where  problems  to  be  solved  are  similar. 

The  work  of  the  transmission  engineer  lies  in  fields  so  essen- 
tially dissimilar  that  even  in  spite  of  this  general  tendency  it  may 
be  difficult  at  first  view  to  ascertain  what  is  the  American  prac- 
tice in  work  of  this  class.  On  closer  examination  one  finds,  how- 
ever, this  work  falling  into  natural  groups  dependent  on  the 
length  of  transmission  and  the  voltage  employed,  though  what 
has  been  done  has  been  materially  modified  by  the  date  of  erec- 
tion, since  during  the  past  tea  years  modifications  in  the  arts 
have  been  necessarily  reflected  in  the  types  of  construction. 

The  general  groups  have  been  somewhat  decided  by  the  manu- 
facturers of  machinery,  who  have  presented  as  preferable  certain 
available  voltages.  Above  2400  volts,  where  transmission  proper 
really  begins,  the  first  voltage  now  cominonly  i'm])l<\V(^d  is  Hf»t)0. 
which  figure  has  been  established  as  standard  by  the  needs  of  the 
lighting  plants  in  the  great  cities,  and  has  been  adopted  by  the 
transmission  companies  in  place  of  either  a  higher  or  lower  volt- 
age mainly  Ijecause  it  is  a  standard.  For  this  voltage  direct  gen- 
eration at  high  pressure  is  almost  invariably  used.  The  next 
higher  voltaire  now  commonly  employed,  and  practically  the  first 
one  for  which  step-up  transformers  are  used,  is  15,000.  During 
the  past  few  years  this  has  taken   the  place  of  transmissions  at 
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10,000,  12,000  and  13,000,  and  it  is  today  the  established  voltage 
for  high-tension  electric  railways,  the  general  reason  for  its  estab- 
lish in  on  t  as  a  standard  being  that  this  voltage  is  not  more  diffi- 
cult to  handle,  as  regards  insulation  or  switching,  than  the  three 
last-mentioned  lower  voltages,  and,  furthermore,  that,  where  the 
lower  voltages  have  been  previously  established,  the  sphere  of 
operation  of  the  transmission  plant  has  been  found  to  be  rather 
too  much  limited.  There  are  in  the  Eocky  Mountain  region 
and  west  a  great  number  of  the  older  plants  operating  at  10,000 
volts,  and  whenever  direct  high-voltage  generation  has  been  at- 
tempted, voltages  of  from  13,000  to  13,000  volts  are  used;  but,  at 
the  same  time,  the  majority  of  the  plants  which  have  used  these 
lower  pressures  in  the  past  today  have  circuits  with  special  trans- 
formers operating  at  the  higher  figure.  The  next  step  is  to 
25,000  volts,  which  is  the  highest  figure  reached  without  special 
study  of  insulators,  switches  and  lightning  arresters.  This  volt- 
age has  been  successfully  handled  without  serious  trouble  during 
the  past  six  years.  A  voltage  of  33,000  is  employed  in  a  number 
of  plants  built  about  five  years  ago,  and  at  this  figure  the  special 
difficulties  due  to  line  capacity,  insulator  size,  erratic  lightning- 
arrester  effects  and  switching  begin  to  make  themselves  seriously 
felt.  Above  33,000  volts  the  standard  voltage  is  called  60,000, 
although  in  all  plants  that  have  heretofore  been  established  to 
operate  at  this  pressure,  there  have  been  installed  transformers 
arranged  for  connection  to  various  voltages  of  from  40,000  up  to 
60,000  volts,  and  the  majority  of  these  plants  are  today  operating 
at  about  50,000  volts,  some  of  them  being  unable  to  operate  at 
the  highest  pressure  on  account  of  the  character  of  line  insulators 
originally  installed.  In  the  choice  of  voltage  for  any  transmis- 
sion it  is  considered  the  best  practice  to  establish  it  at  the  rate 
of  1000  volts  per  mile,  provided  the  length  of  transmission  be  not 
above  60  miles,  since  above  60,000  volts  no  commercial  work  has 
been  regularly  attempted.  In  the  table  recently  presented  by 
the  transmission  committee  of  the  American  Institute  of  Elec- 
trical Engineers,  the  highest  average  voltage  per  mile  for  any  one 
class  in  their  report  is  840;  but  in  examining  this  table  it  must 
be  remembered  that  their  correspondents  have  reported  the  total 
length  of  line  in  service,  so  that,  if  a  plant  be  operating  two  lines 
fifteen  miles  each  in  length  at  15,000  volts,  the  table  would  indi- 
cate an  operation  at  500  volts  per  mile,  although  for  each  line 
the  transmission  was  at  1000  volts  per  mile. 
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The  common  lighting  frequencies  of  125  and  133  have,  for  trans- 
mission lines,  given  place  entirely  to  the  frequencies  of  60-40-30 
and  25,  no  use  having  been  made  in  this  country  of  the  frequency 
of  100,  and  only  in  one  locality  has  there  been  any  employment 
of  50  periods. 

In  the  transformation  from  one  frequency  to  another,  which  is 
found  often  to  be  advantageous,  simple  apparatus  would  be  em- 
ployed if  the  frequencies  in  use  were  multiples  of  each  other  and 
use  made  of  25-50  and  100  or  of  30-60  and  120,  but,  unfortu- 
nately, the  four  frequencies  mentioned  have  been  practically  used 
and  are  to-day  too  thoroughly  established  for  further  change. 

Systems  in  which  lighting  is  the  principle  element,  and  where 
distribution  over  a  wide  territory  make  the  work  of  small  com- 
munities an  important  element  to  the  business  office,  employ  a 
frequency  of  60  periods  per  second  and  at  this  frequency  large 
amounts  of  energy  is  transmitted  to  considerable  distances  at  the 
highest  voltages.  The  frequency  of  40  is  largely  confined  to 
transmissions  from  which  cotton  mills  are  operated,  this  having 
resulted  in  motor  speeds  suitable  to  their  line  shafting. 

For  a  number  of  years  the  two  frequencies  of  30  and  25  have 
contested  for  supremacy  in  plants  primarily  established  for  power 
purposes  and  for  the  operation  of  rotary  converters,  but  largely  on 
account  of  the  very  great  amount  of  machinery  installed  at  Niagara 
and  employing  a  frequency  of  25  that  is  becoming  more  and  more 
to  be  the  established  standard  for  power  purposes  and  seems  likely 
to  displace  altogether  the  higher,  which  has  no  distinct  superiority 
except  that  it  is  one-half  the  standard  frequency  used  in  lighting. 

In  the  generation  of  power  the  revolving-armature  machine  has 
almost  disappeared  from  the  aew  plants,  and  revolving-field  gen- 
erators have  become  so  settled  in  type  that  those  produced  by 
different  manufacturers  are  hardly  distinguishable  by  the  casual 
observer.  For  the  low-head  plants  using  turbine  wheels  it  is 
necessary  to  provide  for  a  50  per  cent  increase  of  speed,  and  in 
the  high-head  plants,  where  impulse  wheels  are  employed,  a 
strength  sufficient  to  withstand  a  speed  increase  of  100  per  cent 
must  be  allowed  to  provide  against  damage  from  overspeeding 
hhoulfl  the  power  be  thrown  off  and  the  water  continue  to  flow. 
The  machine  fulfilling  these  conditions  and  practically  adopted 
by  all  the  manufacturers  is  characteristically  a  revolving  field 
machine  with  the  poles  keyed  to  a  cast-steel  spider,  the  field 
windings  being  of  copper  strip  wound  upon  edge,  the  armature 
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being  constructed  of  a  cast-iron  box  girder  supporting  the  sta- 
tionary armature  laminations.  Almost  the  only  departure  from 
this  type  of  construction  for  power-transmission  work  is  found  in 
The  balanced  type  of  inductor  machine,  where  the  field  is  mag- 
netized by  a  central  stationary  field  coil  wound  with  copper  strip, 
the  armature  in  two  halves  symmetrically  arranged  around  the 
central  core  being  of  laminations  supported  either  by  cast-iron 
rings  connected  together  by  cold-rolled  steel  bars  or  supported 
by  a  steel  shell  to  which  the  armature  laminations  are  keyed. 

Various  station  voltages  have  been  employed,  but,  where  direct 
generation  at  6G00  or  12,000  volts  has  not  been  resorted  to,  the 
practice  is  setting  more  and  more  to  the  use  of  about  2300  volts, 
this  being  chosen  because  the  lower  voltages  require  large  extra 
station  copper  and  the  higher  voltages  are  felt  to  introduce  un- 
necessary station  difficulties  of  insulation  and  switching.  For 
switching,  the  present  type  of  2300-volt  oil  switch  has  been  so 
well  developed,  by  reason  of  the  great  number  of  plants  operating 
at  this  pressure,  that  for  handling  a  particular  amount  of  energy 
it  is  both  cheaper  and  better  than  any  500-volt  switch  on  the 
market. 

For  plants  operating  at  less  than  25,000  volts,  the  step-up 
transformers  in  use  are  about  equally  divided  between  the  water- 
cooled,  oil-filled  types  and  air-blast  types.  Where  a  good  supply 
of  water  is  to  be  readily  obtained,  the  oil-filled  transformers  have 
generally  been  given  preference,  as  they  can  be  more  readily  ad- 
justed for  a  varying  flow  of  water  at  dilferent  loads.  The  question 
of  the  relative  fire  risk  from  the  two  types  has  been  extensively 
discussed,  and  it  can  hardly  be  said  that  any  very  definite  con- 
clusion has  been  finally  reached,  though  the  weight  of  opinion 
seems  by  far  to  be  that  the  fire  risk  is  at  least  not  increased  by 
the  use  of  the  oil-filled  transformer,  and  the  actual  risk  in  either 
type  seems  to  be  a  matter  largely  of  installation.  It  is  perfectly 
true  that  there  have  been  some  very  serious  fires,  resulting  in  the 
cpmplete  destruction  of  power  plants,  where  oil-filled  transform- 
ers have  been  used,  but  in  each  case  the  fire  has  started  outside  of 
the  transformers,  though  they  themselves,  by  reason  of  being 
installed  without  reference  to  safety  in  case  of  fire,  have  furnished 
fuel  which  has  augmented  the  conflagration.  Today  the  condi- 
tions of  installation  for  safety  are  better  understood,  and  it  now 
only  remains  to  be  decided  whether,  in  the  case  of  a  fire  actually 
arising,  the  oil  shall  be  run  out  and  the  transformer  cases  filled 
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with  water,  or  the  whole  transformer  protected,  either  hy  running 
an  excessive  amount  of  water  through  their  cooling  coils,  or  by 
so  installing  them  that  the  transformers  may  temporarily  be  sub- 
merged to  within  a  few  inches  of  their  tops.  Actual  protection 
of  transformers  by  running  water  through  their  cooling  coils  ha? 
been  found  to  be  effective  in  at  least  one  serious  fire. 

For  high-tension  switching,  use  has  been  made  of  a  long  arc 
broken  between  carbon  terminals,  long-inclosed  fuse,  a  fuse 
drawn  through  a  tube  filled  with  a  fine,  non-conducting  powder. 
and  of  oil  switches.  The  first  two  types,  while  interrupting  the 
circuit  well,  draw  an  arc  of  excessive  length  and  produce  a  surg- 
ing which  may  result  in  an  increased  potential  of  at  least  as  much 
as  50  per  cent.  In  consequence,  these  types  are  rapidly  disap- 
pearing except  in  plants  operating  at  15,000  volts  and  below, 
where  the  carbon  break  is  preferred  to  the  inclosed  fuse,  though  it 
is  common  to  install  the  two  in  series,  allowing  the  fuse  to  operate 
as  a  safety  device,  but  not  for  the  purpose  of  switching.  The  type 
of  switch  where  a  wire  is  drawn  through  a  tube  filled  with  powder 
is  found  to  operate  successfully  up  to  40.000  volts  and  without 
seriou?  surging  on  the  circuit,  but  the  powder  being  blown  out 
with  great  force,  scatters  over  the  entire  station,  and  is  in  con- 
sequence not  a]lowabl£.  The  oil  switches  mainly  employed  are 
those  with  the  vertical  break  and  those  with  the  horizontal  break. 
The  vertical-break  switch  has  the  advantage  that  the  amount  of 
oil  contained  in  the  oil-tank  is  relatively  small,  and  will  add  to 
possible  conflagration  only  a  slight  amount  of  fuel.  This  switch  is 
found  on  severe  short-circuits  often  to  blow  all  the  oil  out  of  the 
tank  unless  the  tank  is  built  very  strongly,  when  it  becomes  neces- 
sary  to  insulate  the  plunger  from  the  tank  as  it  enters  the  switch. 
The  horizontal-break  switch,  while  containing  a  large  amount  of 
oil,  will  for  the  same  length  of  break,  handle  about  35  per  cent 
more  energy  at  any  definite  potential.  This  switch  can  success- 
fully be  used  at  60,000  volts,  and  up  to  the  present  time  has  not 
been  found  to  blow  the  oil  from  the  tank.  These  two  types  of  oil- 
switch  are  the  standard  today,  no  distinct  preference  being  given 
to  the  horizontal  switch,  though  the  writer  believes  that  in  the 
future  this  type  will  be  used  as  a  standard  for  the  highest  poten- 
tials. 

Transmission  with  two-phase  connection  of  circuits,  whether 
using  three  or  four  wires,  has  for  voltages  above  OGOO  given 
place    entirely    to    transmission    with    a    throc-iihase    connection, 
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though  three-phase  transmission  with  two-phase  distribution  de- 
scribed by  Mr.  Scott  at  the  International  Congress  of  1893  is  very 
extensively  employed. 

The  relative  merits  of  the  delta  and  star  connection  of  the  lines 
to  the  transformers  is  still  somewhat  in  dispute,  so  much  so  that 
in  plants  of  the  highest  voltage,  where  several  voltages  are  pro- 
vided, certain  of  the  lower  voltages  are  obtained  by  delta  connec- 
tions to  the  transformers,  while  the  higher  voltages  are  to  be 
obtained  by  a  star  connection.  In  general  it  may  be  stated  that 
up  to  25,000  volts  the  delta  connection  is  generally  preferred, 
principally  because  with  this  connection  a  ground  upon  one  line 
does  not  necessarily  result  in  a  short-circuit,  and,  furthermore,  the 
service  is  not  necessarily  interrupted  in  the  case  of  the  failure  of 
a  single  transformer.  At  voltages  higher  than  25,000  volts  the 
transformers  for  delta  connection  become  more  difficult  to  build 
and  insulate.  ruri;hermore,  a  single  ground  anywhere  produces 
disturbances  of  a  serious  character,  and  in  consequence  the  star 
connection  with  the  grounded  neutral  is  employed,  advantage 
being  taken  of  the  fact  that  a  grounded  neutral  aids  in  the  dis- 
tribution of  unbalanced  loads,  and  furthermore  the  rise  of  pres- 
sure which  may  occur  from  line  discharge  at  the  time  of  an  open- 
circuit  or  a  short-circuit  are  not  so  likely  to  produce  serious  results. 

For  the  distribution  of  current  through  the  low-tension  mains, 
it  is  generally  the  custom  to  transform  to  2300  volts  two-phase 
unless  either  the  load  is  mainly  one  of  motors,  or  unless  there  are 
important  motors  of  considerable  size  to  be  supplied  at  a  distance 
of  half  a  mile  or  more  from  the  sub-station.  In  such  cases  three- 
phase  star-connected  four-wire  distribution  is  employed,  allowing 
the  connection  of  distributing  devices  either  to  a  2300-volt  circuit 
between  lines  and  the  neutral  wire,  or  a  connection  to  a  4000-volt 
delta  circuit  for  balanced  loads.  This  combination  of  circuits  is 
found  to  be  extremely  useful  where  a  mixed  load  is  to  be  supplied 
at  varying  distances. 

The  high-tension  lines  themselves  are  preferably  run  over  pri- 
vate right  of  way.  Railroad  rights  of  way  were  at  first  highly 
prized  on  account  of  the  entire  absence  of  trees  and  disturbing 
structures,  and  furthermore  on  account  of  the  fact  that  inspection 
and  repairs  are  most  easily  provided  for;  but  experience  with  such 
lines  has  proven  that,  for  transmissions  at  even  so  low  a  tension 
as  15,000  volts,  the  interference  with  insulation  by  the  smoke 
from   the  locomotives,   which   covers  the   insulators,  more   than 
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counterbalances  all  the  advantages,  and  today  such  rights  of  way 
are  more  commonly  shunned  than  sought.  Where  railroad  loco- 
motive smoke  combined  with  sea  fog  is  encountered,  it  becomes 
absolutely  necessary  to  clean  each  insulator  at  frequent  periods, 
even  though  the  voltage  of  transmission  he  not  more  than  5000 
or  10,000.  Along  the  country  road  this  difficulty  is  not  apparent, 
but  in  some  localities  farm  structures  and  trees  interfere  with  the 
transmission,  so  that  in  general  it  may  he  said  that  a  private  right 
of  way  that  the  transmission  company  can  absolutely  control  is 
much  to  be  preferred. 

In  the  most  recent  types  of  construction  the  height  of  pole  is 
limited  as  much  as  possible.  While  there  may  be  some  increased 
security  from  malicious  disturbance  in  the  use  of  high  poles  and 
a  decrease  of  line  capacity  may  be  expected,  these  advantages  are 
only  obtained  at  the  expense  of  stability  and  at  an  increased  cost. 
A  pole  35  ft.  long  set  5  ft.  in  the  ground  permits  the  safe  installa- 
tion of  either  a  single  three-phase  line  with  a  spread  of  as  much 
as  6  ft.  by  supporting  one  insulator  on  the  top  of  the  pole  and  the 
other  two  on  the  ends  of  a  long  cross-arm;  or  it  may  be  used  to 
support  two  three-phase  circuits  on  opposite  sides  of  the  pole  with 
a  spread  between  wires  of  3  ft.  by  the  use  of  two  cross-arms, 
and  at  the  same  time  such  a  pole  permits  the  safe  installation  of 
telephone  or  other  signaling  circuits  on  brackets  or  cross-arms 
at  a  safe  distance  below  the  power  lines.  These  poles  should  not 
be  less  than  8  in.  in  diameter  at  the  top  and  not  less  than  13  in. 
in  diameter  at  the  ground  line.  Variations  from  these  dimensions 
may  be  considered  as  being  due  to  special  considerations  based 
upon  the  location  of  the  lines  or  arrangement  of  the  circuits.  It 
18  true  that  such  a  standard  pole  may  only  be  arrived  at  after  a 
consideration  of  the  wind  stresses  on  the  particular  lines  taken  in 
conjunction  with  the  spacing  of  the  poles,  but  as  the  maximum 
pole  spacing  on  transmission  lines  is  about  135  ft.,  at  average 
wind  velocities  these  pole  dimensions  may  be  considered  safe. 
Extra  strength  required  by  variations  of  wind  stress,  either  due 
to  an  increase  in  the  number  of  wires  or  to  a  necessity  for  allow- 
ance for  sleet,  is  more  commonly  taken  care  of  by  shortening  the 
spans  than  by  an  increase  in  the  size  of  the  pole.  In  some  cases 
where  severe  sleet  conditions  are  to  be  encountered  and  the  wires 
are  large,  it  is  the  practice  to  install  these  poles  at  not  more  than 
50  ft.  apart. 

The  material  used  for  poles  depends  largely  on  the  locality. 
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In  the  Southeastern  States  chestnut  is  the  favorite  wood;  along 
the  Canadian  border  and  through  the  Rocky  Mountain  regions 
cedar  is  employed,  while  square-sawn  redwood  is  used  almost  ex- 
clusively on  the  Pacific  Coast.  With  increase  in  voltages  and  con- 
sequent increased  trouble  from  insulators,  a  demand  has  arisen 
for  a  pole-line  construction  which  will  permit  a  decrease  in  the 
number  of  insulators  and  allow  an  increase  in  the  size  of  each. 
This  has  been  accomplished  by  the  use  of  galvani zed-iron  towers 
not  less  than  40  ft.  from  the  ground-line  to  the  wires,  and  spaced 
about  500  ft.  apart.  One  plant  in  Mexico  has  recently  successfully 
installed  this  method  of  construction.  A  second  in  the  same 
country  has  contracted  for  its  material,  and  a  number  of  plants 
in  the  United  States  are  contemplating  its  use.  The  question  of 
the  life  of  wooden  poles  depends  not  only  upon  the  character  of 
the  wood  and  its  condition  when  cut,  but  also  upon  the  local  con- 
ditions of  atmosphere  and  soil.  In  some  places  the  poles  which 
are  available  have  no  longer  life  than  about  five  years,  and,  in  the 
extreme,  wooden  poles  cannot  be  greatly  depended  upon  for  a 
period  greater  than  15  years,  though  the  redwood  poles  installed 
along  the  lines  of  the  transcontinental  railroads  west  of  the  Rocky 
Mountains  have  in  many  instances  given  a  life  up  to  35  years, 
and  are  still  said  to  be  in  good  condition;  but  these  poles  are  set 
into  a  soil  strongly  impregnated  with  alkali  in  a  country  where 
rains  are  few  and  the  air  generally  dry.  I^othing  is  known  as  yet 
of  the  life  of  the  galvanized-iron  tower  except  from  windmill 
practice,  where  towers  which  have  been  galvanized  after  all  punch- 
ing and  machining  is  done  are  found  to  be  in  good  condition  after 
a  period  of  10  to  15  years. 

The  cross-arms  in  use  are  almost  invariably  made  of  pine  with- 
out treatment  other  than  painting.  These  arms  are  let  into  the 
pole  from  1  to  2  in.,  being  held  by  bolts  through  the  pole  and 
arm,  and  when  long  are  additionally  supported  by  braces.  Even 
with  steel  poles  wooden  arms  are  used,  the  general  feeling  being 
that  there  is  less  probability  of  the  circuit  being  completely  dis- 
abled should  an  insulator  break  and  the  line  fall,  if  it  falls  upon 
a  wooden  rather  than  a  steel  arm.  At  the  same  time  an  experi- 
ment in  the  use  of  wooden  braces  has  not  been  fovmd  to  result  in 
any  certain  advantage.  In  consequence,  flat  galvanized-iron  brace/5 
established  a  number  of  years  ago  as  standard  by  the  telegraph  and 
telephone  companies  are  now  almost  universally  employed  in  the 
construction  of  transmission  lines.      With  increase  in  spans  and 
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voltages  the  insulators  are  increasing  in  size.  This  condition  will 
probably  in  the  future  demand  a  strength  of  arm  greater  than  can 
be  obtained  by  the  use  of  wood.  This  problem,  however,  has  not 
ae  yet  obtained  a  definite  solution. 

For  plants  operating  below  25,000  volts  much  use  has  been  made 
of  glass  as  a  material  for  insulators.  Glass  has  been  for  many 
years  the  standard  insulator  material  in  American  telegraph  and 
telephone  practice,  and  in  spite  of  many  experiments  that  have 
been  tried  with  porcelain,  it  is  still  considered  the  best  and  cheap- 
est material  for  this  service.  However,  in  transmission  work  one 
of  the  great  advantages  claimed  for  glass  in  telephone  and  tele- 
graph practice  disappears.  The  engineers  of  these  companies 
claim  that  it  is  important  to  provide  against  dark,  narrow  spaces 
within  the  insulators  on  account  of  the  fact  that  they  form  the 
homes  of  insects.  The  transparency  of  the  glass  largely  obviates 
this  difficulty.  Where  large  insulators  are  used  such  as  are  em- 
ployed by  transmission  companies,  the  spaces  within,  the  insulators 
are  well  lighted  from  below,  and  the  transparency  of  the  material 
is  not  important.  Glass  is  comparatively  fragile,  and  for  trans- 
mission work  it  has  nothing  to  recommend  it  except  low  first  cost 
and  cheap  inspection;  these,  to  be  sure,  are  very  often  overpower- 
ing advantages  when  the  voltage  is  low  enough  for  the  particular 
form  of  insulator  used  to  provide  a  large  factor  of  safety,  and  in 
consequence  up  to  15,000  volts  glass  insulators  are  generally  pre- 
ferred unless  there  are  special  climatic  conditions  which  render' 
them  liable  to  fracture.  Many  series  of  tests  have  shown  con- 
clusively that  the  porcelain  insulator  has  a  greater  mechanical 
strength,  is  less  liable  to  surface  leakage,  has  a  safe  dielectric 
strength,  and  in  addition  that  it  is  exceedingly  difficult  to  break 
the  head  of  a  porcelain  insulator  so  as  to  allow  the  wire  to 
fall  away  from  it.  The  one  disadvantage  of  porcelain  is  that  there 
is  an  uncertainty  as  to  its  solidity,  and  that  it  is  only  possible  to 
ascertain  its  solidity  by  most  careful  high-voltage  tests.  The 
question  of  the  form  of  high-voltage  insulator  as  yet  is  in  high 
dispute,  operating  engineers  being  inclined  to  a  design  where  the 
petticoats  are  very  long  and  comparatively  close  together,  so  that 
great  creeping  distance  he  given  over  the  surface  of  the  insulator 
between  line  and  line  and  between  line  and  pin,  comparatively 
little  importance  being  placed  on  the  flashing  distance.  Engineers 
of  the  manufacturing  companies,  however,  incline  toward  one  of  a 
much  more  open  type  of  large  diameter  and  with  few  petticoats. 
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This  latter  form  undoubtedly  gives  the  greatest  sparking  distance, 
iias  the  least  dark  spaces  within  it,  and  is  more  readily  cleaned  by 
rain  storms.  It  is  also  important  that  such  an  insulator  may  be 
constructed  to  operate  at  high  voltage  without  noise,  and,  as  there 
is  a  definite  loss  of  energy  whenever  the  insulators  on  a  line  are 
noisy,  it  may  be  safely  predicted  that  the  open  type  of  insulator 
is  to  be  the  one  that  will  be  in  the  future  considered  as  the 
standard. 

While,  for  a  particular  voltage,  insulator  size  may  be  largely 
determined  by  the  form,  at  the  same  time  we  may  in  general  note 
that  up  to  10,000  volts  insulators,  whether  of  glass  or  porcelain, 
have  a  minimum  diameter  of  about  5  ins.  A  7-in.  insulator  can 
successfully  be  used  on  voltages  as  high  as  25,000,  a  13-in.  in- 
sulator is  sufficient  up  to  40,000  volts,  while  at  60,000  volts  it  does 
not  seem  safe  to  install  insulators  having  less  diameter  at  the  top 
than  14  ins.  A  greater  size  would  unquestionably  invariably  be 
used  for  these  high  voltages  if  the  problems  of  the  manufacture  of 
porcelain  and  support  of  the  insulator  were  altogether  solved. 

Insulators  above  eight  inches  in  diameter  are  generally  manu- 
factured in  several  parts  and  either  glazed  together  in  the  porcelain 
kiln  or  cemented  together  in  the  field.  This  method  of  construc- 
tion allows  a  more  thorough  inspection  of  the  constituent  parts  for 
solidity  of  material  and  also  reduces  the  loss  from  breakage  in 
transit.  It  has  the  disadvantage  of  introducing  into  the  insulator 
a  variable  dielectric  which,  however,  in  line  insulators  has  not  been 
proven  to  be  a  disadvantage. 

Attempts  have  been  made  to  construct  an  insulator  of  two  ma- 
terials, such  as  glass  and  porcelain,  but  all  such  attempts  have 
been  now  abandoned  and  the  separable  insulator  is  now  constructed 
entirely  of  porcelain  united  with  Portland  cement. 

In  supporting  the  insulators  on  cross-arms  it  is  necessary  to  pro- 
vide that  the  lowest  petticoat  be  raised  above  the  cross-arm  as  much 
as  the  radius  of  the  insulator,  and,  as  the  strain  comes  on  the  ex- 
treme top  of  the  pin,  it  is  obviously  difficult  to  successfully  support 
•  the  largest  size  of  insulators  by  means  of  the  common  pin  and  cross- 
arm  construction.  By  using  carefully  selected  woods,  this  has 
been  successfully  accomplished  for  insulators  up  to  11  ins,  in 
diameter,  but  at  40,000  volts  in  bad  weather  such  insulators  carry 
enough  current  over  their  surface  to  char  a  wooden  pin.  Accordingly 
practice  has  settled  to  the  use  of  iron  pins  in  plants  operating  above 
35,000  volts.  At  this  voltage  and  below,  the  wooden  pin  can  be 
Vol.  ri  — 19 
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buccessfully  used  and  indeed  forms  a  certain  protection  to  the 
line  by  reason  of  the  fact  that  the  pin  itself  is  a  semi-insulator, 
and  is  only  in  danger  of  being  burned  when  the  insulator  is 
j)unctured.  Above  this  voltage,  however,  only  metal  pins  can  be 
omplo3'ed,  not  only  on  account  of  the  large  size  of  the  insulator, 
but  also  on  account  of  the  fact  that  there  is  much  burning  of 
wooden  pins.  The  manner  in  which  these  pins  are  burned  has 
attracted  considerable  attention,  having  presented'  some  problems 
which  are  exceedingly  interesting.  There  is  no  doubt  but  that 
the  effect  is  due  to  leakage  over  the  surface  of  the  insulator,  but 
it  is  extremely  interesting  to  note  that  in  some  cases  the  pin  is 
actually  charred,  whereas  in  other  cases  there  is  an  apparent  dis- 
association  of  something  in  the  wood,  and  peculiar  salts  are  left 
behind  either  reduced  from  the  atmosphere  or  from  the  material 
of  the  wood  itself.  This  matter  was  discussed  by  Mr.  C.  C.  Ches- 
ney  in  a  paper  read  before  the  American  Institute  of  Electrical 
Pmgineers. 

The  materials  that  may  be  used  for  wooden  pins  are  locust  and 
eucalyptus.  The  latter  wood  is  decidedly  preferred  in  the  plants 
west  of  the  Eocky  Mountain  region  and  where  it  is  readily  available. 
as  the  wood  has  been  found  to  be  as  strong  as  hickory,  dense,  and 
readily  handled  when  thoroughly  seasoned  and  dried.  For  the 
largest  sized  pins,  however,  as  has  already  been  said,  no  wood  is 
entirely  satisfactory,  and  in  consequence  use  is  made  of  malleable 
cast-iron  or  cast-steel. 

As  regards  conducting  material,  it  may,  of  course,  be  said  that 
the  only  materials  at  present  available  are  copper  and  aluminum. 
J'or  a  number  of  years  there  has  been  a  discussion  of  the  possible 
use  of  iron  for  short  lines  on  high-potential  plants,  since  tke 
smallest  copper  wire  that  may  successfully  be  strung  is  unneces- 
sarily large  under  such  circumstances.  This  procedure,  however, 
lias  not  obtained  the  approval  of  any  of  our  electrical  engineers. 
'J'he  copper  wire  is  invariably  uninsulated  in  high-tension  work, 
since  it  is  correctly  believed  that  no  insulation  is  a  true  protection, 
and  the  frank  nakedness  of  the  bare  wire  is  a  warning,  and  in  con- 
sequence a  safeguard  to  those  who  are  compelled  to  work  neai 
the  line. 

Copper  is  used  either  soft,  hard-drawn  or  stranded.  For  trans- 
mission work,  where  the  wires  are  smaller  than  0.3  in.  in  diameter, 
\ise  is  not  made  of  soft-drawn  wire,  and  it  may  be  stated  that  the 
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standard  in  American  practice  is  to  use  soft-drawn  wire  only  for 
iargC;  low-potential  circuits  where  the  small  change  in  conduc- 
tivity due  to  the  hard  drawing  is  an  important  factor.  Up  to 
0.3  in.  hard-drawn  copper  may  be  considered  standard.  Between 
0.3  in.  and  0.4  in.  diameter  the  practice  is  evenly  divided  be- 
tween solid  hard-drawn  wire  and  strand.  Larger  than  0.4  in., 
strand  is  almost  invariably  employed.  Some  use  has  been  made  of 
solid  aluminum,  but,  as  the  material  must  be  handled  with  great 
care,  it  has  been  found  generally  to  be  the  better  practice  to  em- 
ploy aluminum  strand,  which  is  more  readily  installed  and  more 
reliable  after  being  installed. 

Preference  between  alumir.ura  and  copper  is  almost  entirely  a 
matter  of  price  for  transmission  lines.  It  is  true  that  aluminum 
is  stronger  in  reference  to  its  weight  for  the  same  conductivities 
than  copper,  but  at  the  same  time  it  is  materially  larger,  and  the 
lesultant  transverse  wind  stress  on  the  line  greater.  For  short 
lines,  delivering  a  small  amount  of  power  at  voltages  of  40,000 
or  above,  aluminum  is  decidedly  to  be  preferred,  since  it  is  found 
that  at  these  voltages  a  wire  less  than  1/4  in.  in  diameter  will 
discharge  through  the  air,  and  this  discharge  may  result  in  a  con- 
siderable loss  of  energy.  Accordingly,  it  is  not  possible  at  these 
voltages  to  successfully  use  wires  less  than  0.3  in.  in  diameter, 
no  matter  what  the  amount  of  energy  or  the  distance.  Accord- 
ingly where  the  amount  of  energy  and  the  distance  may  result  in 
the  loss  not  being  the  determining  factor,  aluminum  is  much  pref- 
erable for  the  reason  that  at  a  definite  size  it  is  materially  cheaper 
than  copper.  Wliere  salt-sea  fog  is  to  be  encountered,  both  alumi- 
num and  copper  are  acted  upon.  The  action  on  aluminum  is 
greater  than  the  action  on  copper,  and  in  consequence  copper  must 
necessarily  be  used.  Where  such  conditions  are  not  encountered, 
aluminum  is  an  entirely  safe  material  provided  it  is  not  exposed 
to  the  elements  in  contact  with  any  other  metal.  The  joints, 
therefore,  must  either  be  made  of  aluminum  of  the  same  quality 
as  the  wire,  or  the  joints  must  be  carefully  insulated  so  that  no 
moisture  will  penetrate.  Aluminum  must  be  strung  with  careful 
reference  to  the  temperature  at  the  time  of  erection,  since  its  co- 
efficient of  expansion  is  very  large,  about  three  times  the  coefficient 
for  copper,  and  experience  in  the  erection  of  copper  lines  will  re- 
sult in  an  unsafe  aluminum  line.  Careful  tables  have  been  pre- 
pared as  to  temperature,  span  and  sag,  and,  when  these  tables  are 
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followed,  no  apprehension  ne-nl  be  felt  as  to  the  safety  of  the  line. 

The  most  difficult  problem  at  present  encountered  in  the  con- 
struction of  high-tension  transmission  lines  is  that  presented  by 
the  lightning  arresters.  For  voltages  up  to  25,000,  the  non-arcing 
types  of  lightning  arresters,  either  with  or  without  series  resist- 
ances, may  Ix;  successfully  used.  Above  this  voltage  and  where 
large  amounts  of  energy  are  available,  these  arresters  are  found 
to  be  short-lived,  and  up  to  the  present  time  no  thoroughly  satis- 
factor}'  arrester  has  been  presented,  wliich  does  not,  when  inter- 
rupting the  ground  circuit  after  a  discharge,  injure  the  insulation 
of  the  line  and  transformers.  The  liorn  form  of  lightning  arrester 
developed  in  Germany  has  been  found  to  operate  with  invariable 
success  so  far  as  the  lightning  arrester  itself  is  concerned,  but,  as 
it  is  interrupting  the  ground  circuit,  it  draws  a  large  arc,  and 
oscillations  are  produced  on  the  line,  which  in  many  cases  have 
been  found  to  have  more  serious  results  than  the  discharge  they 
were  installed  to  remove.  Condensers  in  parallel  with  the  light- 
ning arresters  and  ingenious  arrangements  of  condensers  and  re- 
sistances have  been  used  with  some  success,  but  none  of  these  plans 
may  be  considered  to  be  entirely  satisfactory  for  the  highest  po- 
tentials operated  from  the  largest  generating  plants. 

In  the  operation  of  such  lines  every  effort  is  made  toward  main- 
taining continuity  of  service.  Such  lines  are  carefully  patrolled, 
even  when  it  l)ecomes  necessary  to  build  a  special  runway  for  the 
patrolman,  and  it  is  remarkable  -with  what  certainty  these  ex- 
perienced men  can  predict  the  hours  of  life  of  a  failing  insulator, 
and  provide  for  voluntary  interruption  of  the  service  in  time  to 
remove  the  imperfection.  Duplicate  lines  for  long-distance  work 
is  an  invariable  necessity,  though  by  far  the  best  protection  that 
can  be  offered  for  service  is  the  supply  of  current  from  different 
power  stations  over  lines  following  different  routes.  The  present 
tendency  is  toward  the  consolidation  of  plants,  not  only  for  the 
purpose  of  decreasing  the  general  operating  expense,  but  more 
particularly  for  providing  continuity  in  the  case  of  the  most  serious 
accidents.  Xo  difficulty  is  experienced  in  operating  in  parallel 
])lants  widely  separated,  and  where  a  number  of  plants  are  feeding 
into  the  same  network,  to  certain  plants  are  assigned  the  regula- 
tion of  the  entire  system,  others  feeding  the  circuit  being  allowed  to 
oj)erate  their  machinery  at  full  load  continuously.  The  line  capac- 
ity offers  the  most  serious  prol)le]ii  in  determining  regulation 
■\vhere  the  loads  vary  widely,  but  this  quality  becomes  important 


PEliUlNE:     HlGH-TESt^lOS   Tir[  XSMISSION.  293 

duly  for  great  variation?  of  load,  which,  as  the  plants  increase  in 
size  and  load,  are  disappearino;.  Where  proper  care  lias  been  triven 
to  the  installations  of  the  lines  and  where  dii])]ical('  lines  and  plants 
are  provided  for,  care  in  operation  and  patrol  of  the  lines  has  re- 
sulted in  success  both  from  the  engineering  and  financial  stand- 
point. 

There  being  no  discussion  upon  the  paper,  the  Stolion  voted  an  adjourn- 
lut'Jit  to  Thursday  morning. 

THURSDAY  MORNING  SESSION,  SEPTEMBER   15.   1905. 
Dr.  Louis  Bell  called  the  Section  to  order. 

Secrei'Aby  Bell:  In  the  absence  of  Mr.  Scott,  the  cliairman,  who  was 
suddenly  called  away,  we  will  do  well  to  start  the  work  of  the  Section 
now  as  early  as  possible,  and  the  first  paper  before  us  is  that  upon  spark- 
ing distances,  by  Mr.  H.  W.  Fisher.  The  question  •  of  sparking  dis- 
tances is  one  which  Mr.  Scott  and  myself  believe  to  be  rather  more  per- 
tinent to  our  Section  than  the  one  in  which  the  paper  was  originally 
placed,  so  we  have  borrowed  or  stolen  Mr.  Fisher,  who  will  now  kindly 
read  his  paper  on  sparking  distances. 
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SPARK  DISTAXCES  CORRESPONDING  TO  DIF- 
FERENT VOLTAGES. 


BY  H.  W.  FISHER. 


"Realizing  the  advisability  of  using  sparking  distances  for  deter- 
mining impulsive  rises  of  voltage,  the  writer  commenced  a  series  of 
experiments  about  the  beginning  of  the  last  decade  with  a  view  to 
learning  how  the  sparking  distances  varied  with  the  voltage  and 
the  kind  of  points.  The  result?  obtained  then  showed  that  the 
subject  Avas  very  complex  and  that  the  problem  could  only  be  suc- 
cessfully solved  by  using  a  great  variety  of  points  whose  diameters 
had  been  carefully  measured.  Such  work  the  writer  undertook  and 
accomplished  sufficiently  well  for  his  own  use.  It  was  his  intention, 
however,  to  go  more  fully  into  the  subject  and  present  his  researches 
tn  the  form  of  a  paper.  About  that  time  Mr.  Steinmetz  read  his 
excellent  paper  entitled  "  Dielectric  Strength  of  Air "  before  the 
American  Institute  of  Electrical  Engineers. 

After  the  adoption  of  the  table  giving  the  sparking  distances  cor- 
responding to  different  voltages  by  the  American  Institute  of  Elec- 
trical Engineers,  there  has  been  a  tendency  to  use  this  table  for 
measurements  of  high  voltage,  and  in  the  jiresent  paper  it  is  the 
object  of  the  writer  to  show  the  magnitude  of  tlie  errors  that  may 
arise  from  the  use  of  ordinary  needle  points. 

For  these  investigations,  current  from  2.000-volt,  60-cycle  gen- 
erators was  furnished  by  the  Allegheny  County  Light  Company. 
Through  the  kindness  of  Mr.  W.  A.  P.  Scliorman  of  said  company, 
tlie  voltage  and  frequency  were  kept  very  constant,  and  while 
making  individual  tests  the  voltage  scklom  varied  more  than  1/10 
per  cent.  Considering  that  our  line  was  taken  off  of  one  of  the 
regular  lighting  circuits  this  result  can  be  considered  remarkable, 
and  such  constancy  was,  of  course,  invaluable  in  our  investigations. 

The  apparatus  consisted  of  a  water  resistance  placed  in  series 
with  an  auto-regulating  transformer,  and  the  lighting  circuit. 
From  tlie  secondary  of  the  auto-transformer,  curr(>nt  wns  supplied 
to  a  large  high-voltage  transfornior.     By  means  of  the  regulator, 
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the  high  voltage  could  be  varied  by  steps  of  1  per  cent,  and  the 
water  resistance  could  be  changed  so  as  to  give  absolutely  any 
voltage  desired.  The  high  voltage  was  measured  by  means  of  a 
Weston  voltmeter  placed  in  series  with  non-inductive  resistances. 
The  Weston  voltmeter  was  very  carefully  calibrated  by  a  potentio- 
meter method,  and  its  impedance,  as  well  as  those  of  the  resistances 
used  in  series  with  it,  were  measured  and  the  multiplying  factors 
of  the  different  resistances  were  calculated. 

After  all  this  preliminary  work  was  done  voltages  could  be  meas- 
ured to  an  accuracy  of  nearly  1/10  per  cent. 

Fig.  1  shows  the  spark-measuring  apparatus,  which  consisted  of 
a  heavy  base  of  hard  rubber  on  which  was  mounted  rigidly  one 
needle-holder  screw  and  micrometer,  reading  to  .001".  The  other 
needle-holder  could  be  moved  forward  or  backward  in  a  groove  and 
fastened  in  any  desired  position  to  suit  the  length  of  needles  em- 
ployed. The  actual  needle-holders  were  provided  with  ball-and- 
socket  joints  so  that  the  points  of  the  needles  could  be  placed  exactly 
opposite  each  other.  Concave  discs  of  different  diameters  could  be 
placed  slightly  back  of  the  needle  points  as  shown  in  the  cut,  where 
for  the  purpose  of  illustration  and  comparison  a  4"  and  a  10"  disc 
are  placed  over  the  holders.  The  writer  found  that  by  the  use  of 
said  discs,  the  sparking  distances  were  more  uniform.  The  discs 
reduce  the  amount  of  brush  discharges,  which  without  them  some- 
times suddenly  become  sufficiently  great  to  start  a  spark  before  the 
right  distance  is  reached.  The  hard  rubber  handle  is  placed  to  the 
left  of  the  apparatus.  They  do  not  prevent  abnormal  spark  dis- 
tances due  to  impulsive  rises  of  voltage.  Other  advantages  of  their 
use  will  be  mentioned  later  on.  The  apparatus  was  designed  by  the 
writer  and  made  by  The  Leeds  &  Northrup  Company  of  Phila- 
delphia, Pa. 

As  the  e.m.f.  wave  form  of  an  alternating-current  generator 
changes  with  the  amount  and  kind  of  load,  it  was  decided  to  make 
a  few  spark  distance  measurements  at  a  definite  voltage  every  time 
any  tests  were  made,  and  to  confine  the  experiments  mostly  to  times 
of  the  day  when  the  generator  load  would  be  fairly  constant.  The 
definite  voltage  referred  to  above  was  25,240,  which  corresponded 
to  a  voltmeter  reading  of  83.5,  the  voltmeter  multiplier  being  302.4. 

In  order  to  always  get  a  deflection  of  exactly  83.5  it  was  neces- 
sary to  use  a  water  resistance,  and  hence  as  a  water  resistance  in  the 
primary  of  a  transformer  has  a  tendency  to  change  the  relation 
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between  maxiimun  and  mean  effective  pressure  of  the  secondary 
voltage,  it  was  necessary  to  determine  through  wliat  range  the  water 
resistance  could  be  operated  without  affecting  the  e.m.l  curve. 

Table  I  gives  the  result  of  this  investigation,  and  it  will  be  seen 
that  when  the  water  resistance  was  set  at  20,  the  change  only 
amounted  to  1/10  per  cent.  Therefore,  throughout  the  tests,  we 
never  reached  this  point,  and  the  settings  were  mostly  between  10 
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Fig.  3.  Spabking  distances  corbespondinq  to  mean  effective  a.  o. 

voltages. 

and  15.  It  will  be  interesting  to  note  that  the  maximum  water 
resistance  made  an  increase  of  4  per  cent  in  the  spark  distance. 

From  work  done  years  ago,  it  was  found  that  more  consistent 
results  could  be  obtained  by  the  use  of  sharp  points,  so  No.  12 
Thomas  Harper's  "  Pro  Bono  '*  needles  were  employed  in  tbose 
investigations. 

It  was  decided  first  to  determine  accurately  the  spark  distances 
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corresponding  to  din'erent  mean  effoctive  e.m.f.  Tn  doing  this  work, 
a  great  many  tests  were  made  at  difTorent  voltagos,  and  in  each  in- 
stance a  reference  spark  distance  at  25,240  volts  was  obtained.  Ten- 
inch  discs  were  used  and  each  was  placed  V'  back  of  the  needle 
points.  The  zero  micrometer  reading  was  determined  by  insert- 
ing a  piece  of  mica  of  known  thickness  between  the  points  and  ad- 
vancing one  of  them  till  the  mica  touched  both. 

Through  the  kindness  of  the  Westinghouse  Electric  &  Manufac- 
turing Company  the  writer  measured  the  spark  distance  correspond- 
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ing  to  25,000  volts  mean  effective  pressure,  which  was  obtained  from 
an  unloaded  transformer  and  generator  whose  e.m.f.  curve  was  accu- 
rately known.  The  ratio  of  mean  effective  pressure  to  maximum 
pressure  of  this  generator  was  .705,  which  is  remarkably  close  to 
that  of  a  curve  of  sines,  viz.,  .707. 
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From  all  of  these  data,  it  was  found  that  the  spark  distances  for 
25,000  volts  mean  efToctive  pressure  of  sine  curve  should  be  1.300". 
It  then  Isecame  a  simple  matter  to  correct  all  the  measurements  ob- 
tained to  the  basis  of  a  curve  of  sines  and  the  curves  of  Figs.  1  and  2 
represent  said  connected  results. 

The  curve  of  Fig.  3  gives  the  result  of  tests  made  with  Xo.  12 
Thomas  Harper's  needles.  The  main  curve  going  up  to  50,000  volte 
was  made  with  the  use  of  10"  discs.  The  subsidiary  curve  was  ob- 
tained from  tests  made  without  the  use  of  discs.  Below  23,000  volts 
there  is  apparently  no  difference  between  tests  made  with  and  with- 
out discs.  The  discs  seem  to  have  a  tendency  t«  make  the  curve 
more  nearly  a  straight  line.  The  utmost  care  was  taken  with  this 
work,  and  unless  the  form  of  the  apparatus  and  surrounding  condi- 
tions have  an  effect  upon  sparking  distances,  the  writer  believes 
the  results  herewith  given  are  very  accurate.  The  relative  results 
at  all  events  should  agree  very  closely,  and  if  at  any  time  it  should 
be  found  that  the  correct  sparking  distance  for  25,000  volts  be 
greater  or  less  than  1.3",  the  values  given  by  this  curve  can  be  modi- 
fied to  a  proportionately  greater  or  less  degree. 

The  curve  of  Fig.  4  is  made  on  a  larger  scale  and  with  assorted 
needle  points,  none  of  which  were  blunt.  By  doing  this,  there  were 
not  many  tests  to  be  eliminated.  The  curve  is  practically  a  straight 
line  through  the  upper  range  of  voltages.  Mention  will  be  made 
later  of  the  dotted  line  which  becomes  tangent  to  the  curve  and 
passes  through  the  origin. 

Table  II  gives  a  comparison  between  spark  distances  tests  made 
with  and  without  10"  discs.  It  will  be  noticed  that  the  spark  dis- 
tances were  more  uniform  with  the  use  of  discs  than  without  them. 
A  great  many  similar  tests  were  3iiade,  all  of  which  confirmed  this 
point. 

In  most  of  the  following  tables,  the  measured  diameter  of  the 
needle  points  is  given.  The  points  were  measured  by  means  of  a 
microscope  and  glass  grating  containing  10,000  lines  to  the  inch. 
The  kind  of  points  were  classified  into  flat,  round,  and  sharp,  which 
are  designated  respectively  by  the  letters  F,  B,  and  *?.  Each  point 
was  measured  in  two  directions  90  deg.  apart.  Under  the  column 
headed  "  Kind  of  Points,"  will  be  found  the  measured  diameters 
of  both  needle  points  used  in  the  test.  It  will  be  noticed  that 
many  of  the  points  were  both  round  and  flat,  depending  upon  the 
direction  in  which  they  were  observed.  The  "  Distance  between 
Difics  "  is  the  actual  distance  between  them  when  the  needle  points 
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were  touching,  and  oacli  disc  was  placed  half  this  distance  back  of 
the  points. 

Table  III  gives  some  very  interesting  tests  made  Avith  1000 
volts,  a  great  variety  of  diameters  of  points  being  em])]oyed.  With 
this  voltage  it  is  at  once  evident  that  the  sharper  the  ]!oint  tlie 
longer  becomes  the  sparking  distance.  It  will  be  noticed  that  the 
sharpest  needle  point  gave  a  spark  distance  equal  .041".  while 
with  electrolytically  prepared  points  spark  distances  of  .048"  and 
.052"  were  observed.  On  one  occasion  the  writer  made  points 
which  appeared  still  sharp  under  a  magnifying  power  of  CidO  di- 
ameterS;,  and  wdth  these  points  tlie  spark  distance  was  .054". 

Eeferring  now  to  Fig.  4  it  will  be  observed  that  a  straight  line 
drawn  tangent  to  the  spark  distance  curve  and  passing  through  the 
origin  intersects  the  1000-volt  line  at  .054".  It  is  the  writers 
opinion  that  this  straight  line  wonld  represent  the  spark  distance 
curve  if  infinitely  sharp  points  were  employed;  other  test-;  and 
curves  which  the  writer  obtained  many  years  ago  all  tend  to  con- 
firm this  opinion.  With  polished  pin  heads  the  sparking  distance 
was  as  low  as  .0025".  The  points  of  large  diameters  were  made 
by  rubbing  the  ends  of  the  needles  across  a  fine  carborundum  stone. 
It  will  moreover  be  noted  that  the  sparking  distance  is  controlled 
by  the  sharjo  point  and  not  by  the  blunt  one. 

Table  IV  gives  a  great  Aariety  of  experiments  made  with  about 
G200  volts.  Section  A  of  this  table  gives  tests  made  with  points  of 
various  diameters.  A  glance  here  will  show  at  once  that  a  maxi- 
mum spark  distance  is  no  longer  produced  by  sharp  points,  but 
by  points  which  have  a  diameter  approximating  .0014";  this  rather 
startling  fact  the  writer  discovered  over  10  years  ago,  but  did  not 
then  have  the  means  of  determining  the  diameter  of  the  point 
which  gives  the  maximum  spark  distance.  The  same  results  are 
in  general  true  without  the  use  of  discs,  but,  of  course,  it  may  be 
jiossible  that  the  diameter  of  points  giving  a  maximum  spark 
distance  is  different  when  discs  are  not  employed. 

The  writer  next  tried  to  determine  whether  the  blunt  or  sharp 
point  was  the  controlling  factor  in  determining  the  sparking  dis- 
tance. In'  doing  this  the  astonishing  fact  was  discovered  that  the 
s})arking  distances  were  always  greatest  when  the  large  point  was 
placed  in  the  holder  at  the  liandle  side  of  the  apparatus  wlien  10" 
discs  were  employed.  Wlien  no  discs  were  employed  the  exact  re- 
verse of  the  above  occurred,  the  spark  distance  being  the  greatest 
when  the  small  points  were  at  the  handle  side  of  the  apjjaratus. 
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Section  C  of  Table  IV  shows  that  when  4"  discs  were  employed 
the  position  of  the  small  or  large  point  had  no  effect  npon  the 
result,  the  sparking  distance  varving  Avith  the  diameter  of  the 
point  and  being  practically  the  same  as  what  was  obtained  before^ 
when  blunt  points  of  the  same  diameters  were  used.  The  10" 
discs  were  not  symmetrical,  having  been  considerably  warped  in 
transportation,  whereas  the  4"  discs  were  very  s}Tnmetrical. 
Wliether  this  was  the  cause  of  the  peculiar  phenomenon  or  whether 
it  was  due  to  the  diameter  of  the  discs,  the  writer  did  not  have 
time  to  discover.  It  will  be  noted  in  section  B  that  when  10" 
discs  were  employed  the  sparking  distance  depended  entirely  upon 
the  kind  of  point  which  was  placed  at  the  handle  side  of  the 
apparatus,  whereas,  when  no  discs  were  employed,  the  kind  of  point 
at  the  other  side  of  the  apparatus  was  the  controlling  factor. 

Section  D  of  this  table  gives  tests  made  with  different  sides  of 
the  apparatus  grounded,  and  the  results  were  so  -uniform  that  for 
all  practical  purposes  the  grounding  of  either  side  of  the  circuit 
does  not  affect  the  sparking  distance. 

Section  E  shows  tests  which  were  made  with  a  view  to  deter- 
mining whether  different  dianieters  of  discs  had  any  effect  upon  the 
sparking  distance.  Considering  that  all  these  tests  were  made  with 
current  obtained  from  an  ordinary  lighting  circuit,  these  results 
can  be  considered  close  enough  to  indicate  that  the  size  of  the  disc? 
does  not  have  any  practical  effect  when  6000  volts  are  emploj^ed. 
This  table  shows  us  that  by  the  use  of  points  having  a  diameter 
of  about  .0014",  the  spark  distance  can  be  increased  over  20  per 
cent  more  than  what  will  be  ol)taincd  by  the  use  of  sharp  points. 
The  measurement  of  several  packages  of  needles  shows  that  nearly 
?very  package  had  needles  which  measured  as  much  or  more  than 
the  above.  Hence,  while  several  tests  would  probably  give  quite 
close  results,  yet  one  or  two  tests  cannot  thoroughly  be  relied  upon 
to  give  the  correct  sparking  distance. 

Table  V  gives  the  result  of  a  number  of  tests  made  with  10,100 
volts.  Section  A  gives  the  tests  which  were  made  to  determine 
the  diameter  of  the  point  which  would  give  the  longest  spark 
distance,  and  from  careful  examination  it  will  appear  that  the 
maximum  distance  is  obtained  from  points  measuring  about 
.0018".  The  distance  does  not  seem  always  to  depend  upon  the 
diameter  of  the  points,  because  the  seventh  line  of  figures  sliows 
a  comparatively  small   distance  compared  with  the  twelfth  line, 
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where  the  points  measured  about  the  same.  In  the  latter  case, 
liowever,  the  points  were  round,  and  this  may  have  been  the  cause 
of  the  difference.  Here  the  maximum  sparking  distance  is  about 
20  per  cent  greater  than  the  minimum,  and  by  making  only  one 
or  two  tests  at  this  voltage  without  the  use  of  measured  points, 
an  error  of  10  or  20  per  cent  might  have  occurred. 

Section  B  shows  that  when  a  large  point  is  used  on  the  handle 
side  and  a  small  point  on  the  other  side,  that  the  spark  distance 
is  slightly  greater  than  when  the  reverse  is  true.  The  difference, 
however,  is  not  nearly  so  great  as  was  the  case  when  6,000  volts 
were  employed. 

Sec'tion  C  verifies  the  tests  made  at  6,000  volts,  namely,  that 
wlieu  4"  discs  were  employed,  the  position  of  the  large  or  small 
points  in  the  holders  does  not  have  any  effect  on  the  results.  The 
sparking  distances  for  sections  B  and  C  do  not  seem  to  be  quite 
so  great  for  large  points  as  was  the  case  in  section  A,  where  both 
large  points  were  used. 

In  section  D  no  discs  were  used,  and  when  the  small  point  was 
on  the  handle  side  of  the  apparatus,  maximum  results  were  ob- 
tained which  corresponded  quite  closely  to  those  in  section  A. 
When  the  large  points  were  on  the  handle  side  of  the  apparatus, 
the  sparking  distance  is  considerably  less,  and  this  corresponds 
with  the  results  obtained  with  6000  volts  with  this  exception,  that 
tlie  difference  is  not  quite  so  great. 

Section  E  shows  tests  made  with  different  sides  of  the  circuit 
grounded,  and  the  connection  to  earth  does  not  appear  to  change 
tlie  sparking  distance.  A  close  examination  of  section  A  will 
sliow  that  the  sparking  distances  are  proportionately  longer  for 
rounded  points  than  for  flat  points  of  the  same  diameter. 

Table  VI  gives  a  number  of  spark  distance  determinations  made 
with  20.000  volts.  Section  A  of  the  table  gives  a  series  of  tests 
to  determine  the  effect  of  points  of  different  diameters.  It  will  at 
once  become  apparent  tliat  at  this  voltage  the  spark  distance  varies 
but  little  with  the  diameter  of  the  points.  The  maximum  spark 
distance  was  obtained  with  points  measuring  .003",  and  was  only 
about  3  per  cent  greater  than  the  spark  distance  with  sharp 
points. 

Section  B  shows  that  when  blunt  and  sharp  points  are  used,  the 
position  of  tlie  point  in  the  apparatus  makes  but  little  difference 
in  the  sparking  distance.     It  will  also  be  seen  that  at  this  voltage 
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the  grounding  of  cither  side  of  the  circuit  does  not  affect  the 
sparking  distance. 

Section  C  shows  that  when  no  discs  arc  employed,  the  sparking 
distance  is  slightly  increased  by  grounding  the  handle  side  of  the 
apparatus. 

Tlie  first  test  of  section  D  shows  that  the  sparking  distance  was 
about  0.005"  greater  with  discs  than  without  them.  The  rest  of 
section  D  demonstrates  that  when  -i"  discs  are  used,  and  when  dif- 
ferent sides  of  the  apparatus  are  grounded,  the  spark  distances  are 
probably  slightly  greater  than  those  made  with  the  apparatus  not 
connected  to  earth.  The  results  are  apparently  not  so  regular  as 
those  obtained  by  the  use  of  10"  discs.  Experiments  demon- 
strated the  tact  that  witli  high  voltages  better  results  were  ob- 
tained by  tlie  use  of  large  discs. 

Table  Yll  gives  a  number  of  tests  made  with  30,200  volts.  In 
sections  A  and  B  will  be  found  a  comparison  between  spark 
distance  tests  made  with  and  without  the  use  of  discs.  The  re- 
sults were  much  more  uniform  when  discs  were  employed,  and  the 
average  spark  distance  is  about  .020"  greater  in  section  D  where 
no  discs  were  used  than  in  section  A  where  10"  discs  were 
employed. 

Section  C  gives  the  result  of  tests  made  to  determine  the  effect 
of  points  of  different  diameters  upon  the  sparking  distance.  A 
careful  examination  will  show  that  there  is  nothing  at  all  regular 
in  this  part  of  the  table.  The  blunt  points  seem  to  be  instru- 
mental in  starting  discharges  which  were  followed  by  an  actual 
spark.  In  many  cases  there  appeared  to  be  a  kind  of  resonant 
action.  When  the  heterogeneous  results  given  in  section  C  are 
compared  with  the  tests  of  A  and  B,  the  importance  of  using  sharp 
|)oints  becomes  very  apparent.  Of  course,  in  many  cases  when 
number  12  needles  were  employed,  the  spark  distances  were  ab- 
normal, due  either  to  an  impulsive  rise  of  voltage,  or  to  the  needle 
jtoints  being  blunt.     Such  irregular  results  are  not  given. 

Table  A" III  gives  the  result  of  experiments  made  with  40,000 
volts.  In  section  A  an  attempt  was  made  to  determine  the  effect 
of  placing  the  discs  at  different  distances  apart,  and  as  mentioned 
heretofore,  the  distances  given  are  those  at  which  the  discs  were 
separated  when  the  needle  points  were  toucliing.  The  sparking 
distance  seems  to  bo  slightly  increased  as  the  distance  between  the 
discs  is  increased,  but  the  probable  difference  is  small. 


Fk;.  2.    I.H^ni)  kiikostat. 


1 1  —  303 


FISHKli:     SI' ARK   f>IST.[XCKS.  303 

Section  B  shows  that  the  sparking  distance  was  about  .1" 
greater  when  no  discs  were  used  than  was  the  case  with  10"  discs 
separated  by  a  distance  of  IV'. 

Section  C  shows  that  when  blunt  points  are  employed  the  spark- 
ing distances  may  vary  through  very  wide  limits.  In  both  sections 
C  and  D  the  results  are  so  irregular  that  no  attempt  at  classifica- 
tion could  be  made.  A  number  of  other  tests  were  made  along 
this  same  line  with  similar  results. 

Section  E  illustrates  the  effect  of  grounding  either  side  of  the 
circuit.  The  results  here  are  so  irregular  that  it  is  impossible  to 
tell  whether  a  ground  increases  or  decreases  the  sparking  distances. 
This  irregularity  may  be  partly  brought  about  by  static  discharges 
in  the  transformer.  A  great  deal  of  time  was  spent  in  making 
tests  at  the  higher  voltages,  and  the  results  obtained  were  often 
very  confusing,  but  the  absolute  necessity  of  using  very  sharp 
points  was  thoroughly  demonstrated.  About  2,000  needles  were 
used  in  these  experiments. 

The  e.m.f.  wave  curve  of  the  generator  furnishing  current  for 
these  tests  was  probably  very  close  to  that  of  a  curve  of  sines. 
On  some  occasions  the  sparking  distance  for  25,000  volts  was 
1.300",  but  generally  it  was  slightly  in  excess  of  this. 

Table  IX  gives  a  comparison  iDctween  the  sparking  distances  of 
the  A.  I.  E.  E.  table,  and  those  of  the  writer.  Both  show  an  exact 
agreement  at  25,000  volts:  above  this  point  the  institute  distances 
are  greater  and  beloM^  they  are  less.  It  is  an  interesting  fact  that 
the  tables  agree  at  25,000  volts,  which  was  the  reference  voltage 
used  by  the  writer.  The  institute  sparking  distance  table  was  based 
on  Mr.  Steinmetz's  researches,  and  if  he  used  largo  needle  points  in 
his  investigations,  his  sparking  distances  above  25,000  volts  should 
be  greater  than  those  of  the  writer;  this  may  be  the  cause  of  the 
difference  there,  but  it  does  not  account  for  the  shorter  distances 
below  30.000  volts.  At  45.0P0  volts  the  difference  between  the 
institute  sparking  distance  and  that  of  the  writer  is  about  14  per 
cent,  which  means  a  difference  of  over  5,000  volts.  In  the  case  of 
voltage  tests  where  the  sparking  distance  is  relied  upon  as  an  indi- 
cator of  the  voltage,  this  difference  might  become  a  very  serious 
matter. 

In  order  to  prevent  short-circuits  when  spark  distance  tests  are 
being  made,  the  writer  designed  the  water  resistance  shown  in 
Fig.  2,  which  is  placed  in  series  with  the  spark  distance  apparatus. 
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Tliis  apparatiis  was  not  used  in  these  particular  investigationB. 
The  tube  is  of  glass,  4"  diameter  of  hole  and  20"  long.  It  is 
filled  with  distilled  water  and  has  a  resistance  of  about  25,000 
ohms  when  the  plunger  is  at  the  top.  The  plunger  rod  can  be 
clamped  in  any  desired  position  by  a  nut  operating  over  a  split- 
taper  thread.  Experiments  made  with  25,000  volts  through  16,000 
ohms  resistance  showed  no  appreciable  difference  in  the  spark  dis- 
tance with  and  without  the  resistance  in  circuit. 

The  writer  believes  that  under  the  right  conditions  accurate 
results  can  be  obtained  with  a  properly  designed  apparatus.  A 
number  of  the  points  shown  on  the  curve  of  Fig.  1  were  made 
months  after  others,  and  the  close  agreement  is  an  indication  of 
the  accuracy  obtainable. 

If  this  paper  will  stimulate  investigations  in  connection  with 
this  very  fascinating  subject,  the  writer  believes  that  the  spark 
distance  method  may  become  as  reliable  as  it  is  easy  to  apply.  Be- 
fore this  condition  is  reached,  however,  many  tests  will  have  to  be 
made  with  widely  different  generating  and  transforming  appa- 
ratus, both  open-circuited  and  connected  to  cables,  etc. 

These  experiments  show  that  the  best  results  are  obtained  by  the 
use  of  very  sharp  points;  that  large  concave  discs  make  the  spark 
distances  more  uniform ;  that  with  infinitely  sharp  points  the  spark 
distance  curve  up  to  at  least  10,000  volts  would  probably  be  a 
straight  line  passing  through  the  origin  and  having  an  equation. 

Spark  distance  in  inches  =  .000,054  X  volts. 

In  conclusion,  the  writer  wishes  to  acknowledge  his  thanks  to 
Mr.  Shakarian  for  much  valuable  assistance  rendered  in  these  re- 
searches. Also  to  the  Westinghouse  Electric  &  Mfg.  Company,  and 
finally  to  the  Standard  Underground  Cable  Company  for  the  use 
of  instruments  and  construction  of  special  apparatus  employed  in 
the  tests. 
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Increase 

Water 

Water 

of  sparking 

resistance 

resistanf-e 

distance 

setting. 

in  oluub. 

multiplying 
factor. 

5 

17 

i.ono 

10 

35 

1.000 

35 

58 

1.000 

20 

98 

1.001 

22 

113 

1.001 

24 

139 

1 .00',' 

25 

150 

l.OOl 

26 

168 

1.007 

27 

180 

1.011 

28 

195 

1.017 

29 

210 

1.0525 

80 

225 

l.WO 

Table  II. —  Distance  between  Discs.  1  Inch. 


Sparking 
distance 
in  inches. 

Mean 
effective 
voltage. 

Diameter  of  points 
in  .0001  inches. 

Discs 
used. 

"A" 

1.309 

25,200 

No,  12T.H.P.B. 

10  inch. 

1.311 

10    •' 

1.311 

" 

10    - 

1.309 

10     " 

1.341 

None. 

1.325 

" 

1.318 

" 

1.321 

Table  III. —  Distance  between  Discs,  |  Inch. 


Sparking 
distance 
in  inches. 

Mean 
effective 
voltage. 

Diameter  points  in 
.0001  inches. 

Discs 
used. 

.035 

1001 

5  F.  4  R.     4  F.  5  R. 

10  inch. 

.0125 

15.16  F.     15.16  F. 

.020 

4.3  R.     4  3R. 

.012 

7.9  R.     8.8  R. 

.041 

2.2  S.     2.2  S. 

.{MO 

2F.  2S.     2.2  S. 

.0115 

20F.  15R.    20F.  15R. 

.025 

3.3  R.     3.3  R, 

.014 

5.5  R.     6.6  R. 

.0235 

5.5  F.    6.6  F. 

.012 

50.50  F.     50.50  F. 

.OOB 

Pin  heads. 

.034 

Pin  head,  2.2  S. 

.0075 

20.20  F.     20.20  F. 

.0035 

1028 

Pin  heads. 

.0516 

1000 

Very  sharp  points. 

.048 
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Table  IV. —  Distance  between  Discs,  1  Inch. 


Sparking 

distance  in 

implies. 

Mean 
effectii-e 
voltage. 

Diameter  of  points  in 
.<W01  inches. 

Discs 
used. 

A 

MU 

6.200 

3-4  F.    .3— 5F. 

10  inch. 

.:i44 

8— 7F.    8-7  F. 

" 

.;ws 

' ' 

7-7  F.     7-6  R. 

" 

.m) 

' ' 

20-20  F.     20,30  F. 

" 

.S9H 

" 

No,  12  T.  H.  P.  B. 

' ' 

.370 

' ' 

.50.50  F.     50.50  F. 

" 

.341 

" 

3  S.  3  R.     2  S.  2  R. 

' ' 

.422 

" 

15.15  F.    20.20  F. 

" 

.374 

' ' 

30.aiF.     25.25  F. 

' ' 

.381 

' ' 

40.40  F.    45.45  F. 

' ' 

.369 

' ' 

14.14  F.     15,15  R. 

' ' 

.316 

' ' 

5.5  R.    5.5  R. 

" 

.413 

' ' 

13F.  13F.     13.13  F. 

" 

.asi 

" 

8.8F.     8.7F. 

" 

.408 

' ' 

16.16  F.     16.16  F. 

' ' 

.393 

" 

17.17R.     17.1SR. 

" 

.414 

" 

15.15R.     13.15R. 

" 

.407 

10.10  F.     10.18  F. 
R. 

.380 

«• 

14F.  12R,    4.3  R. 

" 

MX; 

" 

12.  14  R.    5.R.  4  F. 

" 

.:i34 

" 

15.  15  F.    4.F.  5R. 

" 

.355 

' ' 

15F.  14F.     4.4  R. 

' ' 

.3*4 

" 

14.14  F.    5.4R. 

' ' 

.411 

" 

15.17  R.    5.4  R. 

" 

.393 

" 

16.16  R.    3.4  R. 

' ' 

.ass 

' ' 

18.18  R.    4.5  R. 

' ' 

.340 

' ' 

17F.  15R.     3.4  R. 

^  ^ 

.m> 

" 

17F.  15R.     5.5  R. 

None. 

.337 

" 

18F.  18R.     5.5  R. 

' ' 

.380 

" 

18F.  18R.     5.5  R. 

'  ^ 

.seit 

'» 

18F.  17R,     5.5  R. 

" 

.335 

" 

18.18  F.     5.5  R. 

" 

.372 

18.18  F.     4.4  R. 
C. 

.391 

» > 

18F19R.     3.3  R. 

4  inch. 

.392 

' ' 

17F.  18R.     3.3  R. 

.376 

6.184 

20  F.  20  R.     3  R.  3  S. 

'  ^ 

.378 

6.196 

20.20  F.    2S.  3R. 

'  ^ 

.381 

19.21  F.    2.2  R. 

" 

.393 

6,184 

12.12  F.    2.2  F. 

" 

.393 

6.196 

12.15  F.     2R.  2F. 

" 

.336 

6  F.  7  R.     7.7  R. 
D, 

.3:37 

6,200 

2.4  R.     2.4  R. 

10  inch. 

.333 

'  ■ 

2.4  R.     3  F.  2  R. 

^  * 

.aw 

' ' 

3  F.  4  R.    2  F.  4  R. 

" 

.3:i6 

" 

5  F.  3  R.     5  F.  3  R. 

' ' 

.'SS5 

> ' 

5  F.  4  R.    5  F.  4  R. 

' ' 

.a35 

" 

4R.  4F.     4R.4F. 

None. 

.336 

" 

4  F.  5  R.     5  F.  3  R. 

.ais 

J, 

K. 
3  F.  4  R.     3  F.  3  R. 

4  inch. 

..a^e 

» ' 

5.5  R.     5.5  R. 

.:i42 

' ' 

3.3  F.    3.3  F. 

10  inch. 

.aw 

* ' 

3  R.  3  S.    2  F.  3  S. 
1 

1 .  Large  point  near  handle. 
'i.  Small  point  near  handlft. 

3.  I  )tlier  side  proiindel, 

4.  Handle  side  grounded. 
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rf  ^T5j,tj  v.—  DrST.\.XCF.  BKTWEEN  DiSCS,   1   IVCTt. 


Si  larking 

(listar.i-e 
ill  inclies. 

Mean 

effei-tive 
voltage. 

Diameter  of  points  in 
.(XX)1  incnes. 

Discs 
used. 

..548 
.551 
.(■,42 
.653 
.(■,25 
.544 
..561 
.539 

10,100 

3F.  3R.     3F.  3R. 

4  F.  4  R.     4  F.  2  R. 
18.18  R.     18.18  R. 
18.18  R.     18.18  R. 
28.28  F.     38.28  F. 
12.12  F.     11.11  F. 
15.15  F.     14.14  F. 
N0.12T.H.P.B. 

A. 
10  inch. 

.540 
.630 
.613 
.639 
.608 
.617 
.610 
.547 

II 

22  22  F.     23.22  F. 
17.17  F.     17.17  F. 
15.15  R.     15.15  R. 
'    30.80  F.     30.80  F. 
14.14  R.     13.13  R. 
10.10  R.    10.10  R. 
4,5  R.     4.5  R. 

;; 

.631 
.619 
.636 
.612 

;; 

17.17  F.     3  5R. 

.8,4  R.     17.17  F. 
25.35  F.    4.5  F. 
25.25  F.    5.5  F. 

B. 

W  inch. 

1 
2 
1 
2 

.bOO 
.604 
.630 
.619 

;; 

22  22  F.     6  F.  5  R. 
23.33  F.     6  F.  5  R. 
18,18  F.     4,3  R, 
18.18  F.     5F.  3R. 

C. 
4  inch. 

1 
2 

1 
2 

.629 
.052 
.653 
.644 

;; 

20.30  F.     4.5  F. 
30.30  F.     5.3  F. 
20.30  F.     8.3  R. 
20.20  F.     3,3  R. 

D. 

None. 

1 
2 
1 
2 

.548 

jj 

No.  13  T.H.P.B. 

E 
4  inch. 

3 

.548 

1 

1 .  Large  point  on  handle  side. 

2.  Small  point  on  handle  side. 

3.  Hamlle  side  grounded. 
4..  Other  side  grounded. 
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Tablk  VI. —  Distance  between  Discs,  1  Inch. 


Sparking: 
distance 
in  inclies. 

Mean 
effective 
voltage. 

Diameter  of  points  in 
.0001  inches. 

Discs 

used. 

A. 

1.047 

20.200 

3.3  R.     3.4  R. 

10  incli. 

1.044 

' ' 

6F.  7R.    7F.  6R. 

1.048 

" 

16F.  18R.     1R.16R. 

" 

i.o;-5 

" 

30.2<1  F.     30.20  F. 

" 

1.067 

' ' 

a4  2(iF.    24.26  F. 

" 

].05i 

22.22  R.     23.2:^  R. 

" 

1.0.52 

22.22  F.     22  22F. 

" 

1.061 

" 

20.22  F.    20.20  R. 

" 

1 .0,W 

" 

36.35  F.     3.S.33  F. 

" 

1.051 

29.;^0  F.     29.30  F. 

B. 

1  .(m 

" 

4.6  F.     26.25  F. 

to  inch. 

LOW 

It 

4F.  5R.     26  25F. 

1.0(.-. 

" 

4.4  R.     5.5  R. 

1.0 1.S 

6F.  4R.    6F.7R. 

C. 

1.047 

" 

No.  12T.H.B.P. 

10  inch. 

1.052 

" 

None. 

1.071 

" 

" 

'  •• 

1  .o:ii 

" 

" 

' ' 

1.054 

" 

" 

' ' 

i.oao 

D. 

1.058 

»» 

No.  12  T.H.P.B. 

None. 

1.04« 

" 

' ' 

4  inch. 

1.0  iO 

" 

' ' 

• ' 

1.055 

" 

ti 

' ' 

1.056 

" 

»» 

' ' 

1.047 

" 

it 

" 

1  .OSf' 

" 

'• 

" 

1.048 

1.  Large  point  near  handle. 

2.  Small  point  near  handle. 

3.  Handle  side  grounded. 

4.  Other  side  grounded. 

5.  No  grounding. 


Table  VII.—  Distance  between  Discs,  1  Inch. 


Sparking 

distauce 

in  inches. 

Mean 

effective 
voltage. 

Diameter  of  points 
in  .0001  inches. 

Discs 
used. 

A. 

1.585 

30,200 

No.  12T.HP.B. 

10  inch. 

1..5S0 

1  . . 

10     " 

1.5h:1 

" 

10     " 

1.580 

10    '• 
B. 

1.591 

»» 

'• 

None. 

1.602 

»' 

*' 

" 

1.(507 

tt 

" 

1.5.19 

" 

" 

' ' 

l.liOl 

" 

'  • 

" 

1.608 

3R.2S.      2  2S. 

C. 

1.913 

It 

27.27  F.      27.26  F. 

10  inch. 

2.000 

It 

25.21  F.      25.26  F. 

10     " 

2.0;»2 

>» 

28.28  F.      28.28  F. 

10     " 

2.145 

»» 

20.2<IF.      21.20  F. 

10     " 

2.1'.»3 

'» 

19.2(1  K.      20.23  F. 

10     " 

2.2'.'0 

" 

17.17  F.      18.16  F. 

10     " 

2.170 

'» 

23.25  F.      23.25  R. 

10   •• 

2.:iS<S 

> ' 

16.20  R.      15,15  R. 

10     " 

2.401 

»» 

23.21  F.      28.21  F. 

4     " 

•^.•.M)i 

" 

18  F   18  R       13  F.  13  R. 

None. 

2 .  '.i-M 

»* 

17.17  F.      19.17  F. 

" 

2.520 

26.27  F.      26.27  F. 

FISHER:     SPARK  DISTANCES.  309 

Table  VIIT. —  Mean  Effective  Voltage,  40,000. 


Sparking 
distance 
in  inches. 

Diameter  of  points  in 
.0001  inches. 

Discs 
used. 

Distance 

between 

discs. 

A. 

2.121 

4.6  F.      4.6  F. 

10  inch. 

114  inches. 

2.125 

N0.12T.H.P.B. 

10  " 

2 

2  150 

10  " 

2 

2.14(5 

5F.  2S.     2F.  2S. 

10  " 

2 

2.120 

3.3  R.     3.3  R. 

10  '' 

1^  :: 

2.131 

3.3  R.     4.3  R. 

10  " 
B. 

3 

2.211 

N0.12T.H.P.B. 

None. 

2.241 

^  * 

2.226 

C. 

2.195 

17.18  F.     17.18  F. 

None. 

3.1G0 

23.25  F.    25.27  F. 

2.1100 

17.18  F.     17.18  F. 

10  inch. 

8          " 

2.9S5 

17.17  F.     17.17  F. 

None. 
D. 

3.083 

23.25  F.     5.3  R. 

10  inch. 

2 

1 

•2.972 

19.19  F.     3.4  F. 

10  " 
E. 

2 

2 

2.0S6 

7F.  6R     7F.  6R. 

10  inch. 

2          " 

8 

2.0:)3 

6F.  7R.    6F.  7R. 

10  " 

4 

2.117 

5.7  R.     5.6  R. 

1„  '' 

2 

2.159 

4.5  R.    5.6  R. 

10  '' 

2 

8 

1.  Large  point  near  handle. 
3.  Small  point  near  handle. 

3.  Handle  side  grounded. 

4.  Other  side  grounded. 


TABLE  IX. 


Volts. 

Sparking  Distances,  in  Inches. 

A.  L  E.  E. 

Fisher's. 

Discs. 

No  discs. 

10,000 
20,000 
25,000 

30, ax) 

40,000 
45,(100 
50,000 

.470 
1.000 
1.300 
1.635 
2.4.'50 
2.950 
3.550 

.540 
1.040 
1.300 
1.580 
2.1411 
2.440 
2.770 

i.hu 
1.600 
2.220 
2.580 

Discussion. 

Dr.  Louis  Bell:  Tlie  topic  of  Mr.  Fisher's  paper  is  one  that  is  most 
pertinent  in  high-voltage  work,  inasmuch  as  at  the  pressures  now  used 
the  ordinary  instrumental  methods  are  subject  to  considerable  errors,  and 
are  rather  difficult  to  apply;  so  that  there  are  many  cases  of  high-pressure 
transmission  work  where  the  power  of  quantitatively  using  this  spark- 
iug-distance  method  would  be  very  valuable.  The  interesting  feature  of 
the  paper  seems  to  me  to  be  the  tendency  of  these  points  to  accumulate  in 
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a  strai<,'ht  line.  The  straight  line  relation  is  just  what  we  want  if  it 
will  kindly  hold  through  over  a  wide  range  of  voltages. 

Mr.  C.  E.  Skinneb:  A  few  years  ago  the  American  Institute  of  Elec- 
trical Engineers  adopted  as  a  standard  for  high-voltage  measurements  the 
striking  distances  between  needle  points,  for  e.m.f.s  up  to  150,000  volts, 
also  specifying  a  definite  method  of  procedure  in  making  insulation  tests, 
using  this  method  for  determining  the  voltage  of  test.  In  the  use  of 
this  method  it  was  found  that  the  sparking  distances  varied  for  condi- 
tions which,  as  far  as  could  be  determined,  were  exactly  the  same, 
these  A'ariations  being  as  much  as  lO*^  or  even  more.  Consequently,  the 
tests  were  not  reliable,  and  when  very  high  voltages  were  used,  this  amount 
of  variation  might  lead  to  considerable  trouble.  It  is  only  through  such 
careful  methods  as  those  described  by  Mr.  Fisher  and  by  the  use  of  some 
of  the  devices  he  has  described,  that  any  reliability  is  assured  in  the 
use  of  a  spark-gap  for  measuring  the  voltage  of  a  testing  circuit.  The 
speaker  has  known  something  of  Mr.  Fisher's  work  during  its  progress, 
and  wishes  to  express  his  appreciation  of  the  painstaking  care  which 
Mr.  Fisher  has  exercised  in  the  carrying  out  of  this  work.  It  is  no  easy 
thing  to  secure  needles  that  are  still  sharp  under  a  magnification  of 
600  diameters,  to  line  them  up,  and  to  measure  the  distances  between  their 
points,  but  Mr.  Fisher's  results  show  that  he  has  successfully  accomplished 
this  work.  Another  difficulty  encountered  in  the  use  of  spark-gaps  for 
insulation  testing  purposes,  was  the  rush  of  current  and  consequent  rise 
of  potential  on  the  outer  turns  of  the  testing  transformer  and  in  some 
cases  on  the  turns  of  the  apparatus  tested.  The  use  of  a  resistance  in 
series  with  the  spark-gap  obviates  this  difficulty,  and  it  is  very  gratifying 
to  know  from  Mr.  Fisher's  work  that  the  use  of  such  a  resistance  is 
allowable. 

Dr.  Bell:  I  would  like  to  ask  Mr.  Fisher  two  things  with  respect 
to  the  curves  given.  First,  using  the  regular  commercial  needle  of  such 
type  as  he  ga,ve  there,  what  is  the  error  introduced  into  the  curve? 
What  percentage  of  error  is  introduced  by  the  use  of  a  supply  of  com- 
mercially sharp  needles  rather  than  by  those  which  are  carefully  sharpened 
for  the  purpose  in  making  tests?  And,  second,  whether  he  detected  any 
error  due  to  condenser  action  on  the  discs  as  a  possible  disturbing  cause 
in  the  sparking  distances?  At  the  high  voltages  I  particularly  noted  that 
the  difference  between  sharp  and  blunt  points  seemed  to  disappear  or 
reverse  or  change  in  various  ways,  and  it  at  once  occurred  that  with 
these  large  discs  at  thirty,  forty,  fifty,  sixty  thousand  volts,  the  condenser 
action  mignt  cut  a  very  considerable  figure  in  modifying  the  conditions  of 
strain  or  even  the  effective  voltage  at  the  discharge  points. 

Mr.  P*ishe:e:  Answering  Doctor  Bells  first  question  I  will  say  that 
the  error  introduced  by  this  kind  of  points  varies  with  diflferent  voltages. 
If  you  are  making  tests  at  about  1000  volts,  the  error  may  be  very  great 
indeed,  because  it  is  possible  to  have  needle  points,  taken  from  an  ordi- 
nary pack  of  needles,  which  will  give  spark  distances  varying  from  .012 
inch  to  .040  inch.  With  10,000  volts,  the  points  can  vary  ir«m  .000,2  inch 
to  .000.8  inch  without  efTccting  the  sparking  distance  to  anj'  appreciable 
degree  J  above  .000,8  inch  the  sparking  distance  increases  until  a  maximum 
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is  reached  near  .002  inch.  Now  there  seems  to  be  a  kind  of  law  which  is 
true  in  most  instances  and  which  may  be  stated  as  follows:  Given  two 
kind  of  points,  a  spark  distance  will  correspond  to  that  point  which  when 
tested  with  a  similar  point  gives  the  maximum  spark  distance."  To 
illustrate,  at  lOOO  volts,  a  maximum  spark  length  is  produced  with  sharp 
points.  If  a  test  is  made  with  one  sharp  point  and  one  blunt  point,  the 
spark  length  will  correspond  to  that  obtained  with  sharp  point.  While 
with  10,000  volts  a  maximum  sparking  distance  is  obtained  with  points 
about  .002  inch  in  diameter,  and  if  a  sharp  point  is  used  with  another 
point  measuring  about  .002  inch  in  diameter,  the  spark  length  will  cor- 
respond to  that  of  the  blunt  point  which  in  this  case  gives  a  maximum 
distance.  On  account  of  this  fact  and  because  a  pack  of  needles  may 
contain  both  sharp  and  dull  points,  one  spark  length  test  can  not  be 
relied  upon  where  accuracy  is  desired.  But  as  I  said  before  if  you  will 
examine  the  brush  discharge  at  the  points  and  get  familiar  with  its  ap- 
pearance under  normal  conditions,  you  can  at  once  tell,  at  the  time  of 
the  discharge,  whether  the  condition  is  regular  or  abnormal.  If  it  is 
a  regular  condition,  as  you  advance  the  needle  points  you  will  get  a 
gradually  increasing  brush  which,  near  the  normal  sparking  distance, 
becomes  much  more  pronounced,  and  under  normal  conditions,  by  observing 
said  brush  discharge,  it  is  possible  to  tell  when  the  spark  will  occur  within 
a  few  thousandths  of  an  inch,  with  pressures  above  6,000  volts.  Now,  if 
you  happen  to  have  a  dull  point,  which  will  give  a  longer  sparking 
distance  than  is  obtained  with  sharp  points,  you  will  not  get  the  normal 
brush  discharge,  a  spark  occurring  before  the  points  are  close  enough  to 
produce  the  normal  effect.  In  like  manner  by  observing  the  brush  dis- 
charges, you  can  tell  if  the  spark  is  produced  by  an  impulsive  rise  of 
voltage  due  to  resonance,  etc.  As  stated  in  the  paper  it  is  possible  to  get 
large  errors  when  the  points  are  not  measured.  But  if  you  make  several 
tests  and  you  eliminate  the  erratic  ones  good  results  can  be  obtained. 

Dr.  Bell:  Take  a  paper  of  No.  12  sharp  needles  and  use  them,  we  will 
say,  for  experiment,  at  10,000  volts  and  upwards;  how  large  an  average 
deviation  would  you  get  from  your  curve  as  you  substitute  one  of  these 
needles  from  the  same  paper  for  another?  In  general,  how  large  an  error 
are  you  likely  to  introduce,  if  you  work  with  your  standard  commercial 
needles  without  calibrating  their  points? 

Mr.  FiSHEB:  I  will  speak  of  25,000  volts  first  because  this  was  the 
reference  voltage  and  there  were  tests  made  every  time  at  this  voltage. 
At  25,000  volts  we  found  that  the  distances  should  agree  within  3  or  4 
thousandths  of  an  inch  when  the  operating  conditions  were  normal,  and  that 
is  practically  true  also  at  10,000  volts.  But  as  I  said  in  making  these 
tests,  you  may  get  abnormal  spark  distances  due  to  the  points  not  being 
sharp  or  to  causes  connected  with  the  operation  of  the  generator. 

Dr.  Bell:  You  are  answering  the  theoretical  part  of  the  question  most 
efficiently;  but  what  I  am  trying  to  get  at  is  this:  If  I  take  a  paper 
of  needles,  lining  them  up  carefully  and  going  to  work,  we  will  say,  at 
twenty  or  twenty-five  thousand  volts,  and  so  on,  up  to  forty  or  fifty  or  sixty 
thousand  volts,  how  great  casual  errors  am  I  likely  to  introduce  —  how 
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much  departure  from  your  curve  —  by  the  different  sharpness  of  the 
needles  as  they  commercially  exist,  as  you  take  them  out  of  the  paper? 

Mr.  FiSHEB:  I  might  say  offhand  that  in  two  or  three  testa  you  are 
not  apt  to  get  much  more  variation  than  2  or  3fi  and  often  the  agreement 
is  very  much  closer  than  this. 

Dr.  Beill:  That  is  very  satisfactory.  Could  you  trace  any  effect  of  the 
condenser  action  of  these  guard  plates,  when  it  came  to  those  higher 
A'oUages? 

AVlr.  FiSHEB:  Only  in  this  way,  that  the  sparking  distance  is  less  when 
the  guard  plates  are  used  for  voltages  above  23,000  volts ;  but  if  the 
plates  are  set  within  one-fourth  of  an  inch  of  the  same  distance  back 
of  the  needle  points  every  time,  the  results  are  consistent,  and  agree 
better  with  plates,  than  without  them. 

Chairman  Scott:  In  electrical  work  we  have  been  restricted  to  the 
use  of  a  few  definite  materials.  The  three  general  classes  are  iron, 
copper  and  insulation.  There  is  nothing  which  can  take  the  place  of  iron; 
there  has,  until  recently,  been  nothing  which  takes  the  place  of  capper, 
but  aluminum  has  been  a  formidable  rival  of  copper  in  transmission  work 
during  the  last  few  years.  Copper  has  had  many  years  of  evolution.  The 
Avays  of  drawing  the  wire,  its  physical  characteristics,  adapting  it  both 
electrically  and  mechanically  to  its  purposes,  have  been  worked  out  by 
years  of  experience.  Aluminum  has  come  into  the  field  within  a  few 
years,  and  it  is  quite  an  important  matter  to  have  its  physical  character- 
istics and  mechanical  constants.  These  are  being  developed  by  experience 
and  each  year  brings  to  us  new  data.  Mr.  Buck,  electrical  engineer  of 
the  Niagara  Falls  Power  Company,  has  been  giving  the  matter  especial 
attention  and  his  paper,  which  will  now  be  presented,  deals  with  that 
subject. 
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About  the  year  1898,  the  price  of  alTuninum  had  been  so  reduced 
by  the  commercial  application  of  the  Hall  process,  that  tliis  metal 
began  to  come  into  prominence  as  a  competitor  of  copper  for  use 
a-s  an  electrical  conductor.  In  physical  characteristics,  aluminum 
differs  materially  from  copper.  Its  properties  give  it  some  advan- 
tages, and  some  disadvantages.  Some  of  its  physical  constants  as 
it  is  now  manufactured  comjnercially  for  electrical  purposes  are  as 
follows :  Melting  point,  1157  deg.  Fahr. ;  elastic  limit,  14,000  lbs., 
per  sq.  in. ;  ultimate  strength,  26,000  lbs.  per  sq.  in. ;  modulus  of 
elasticity,  9,000,000;  electrical  conductivity,  62  per  cent;  specific 
^:ravity,  2.68;  co-efficient  of  linear  expansion,  .000,012,8. 

On  account  of  its  properties,  aluminum  is  not  applicable  to  all 
the  purposes  for  which  copper  is  used  electrically.  At  present  its 
electrical  utility  is  confined  to  (a)  bus-bars,  (b)  high-tension  over- 
head uninsulated  conductors,  (c)  low- voltage  feeders,  usually  in- 
sulated with  weatherproof  braid  only. 

Aluminum  is  barred  from  use  in  a  number  of  cases  on  account 
of  the  practical  impossibility  of  applying  the  ordinary  methods  of 
soldering.  Its  surface  seems  to  have  a  coating  of  oxide  on  it  at  all 
times,  which  prevents  the  adhesion  of  the  soldering  metal. 

At  the  present  relative  cost  of  the  two  metals,  aluminum  is  about 
10  per  cent,  or  15  per  cent,  cheaper  than  copper  of  the  same  resist- 
ance. The  weight  of  a  unit  length  of  aluminum  wire  is  only  47 
per  cent  of  a  copper  wire  of  the  same  length  and  resistance.     Con- 

sequentlv  aluminum  can  cost— l-  =  2.13  times  as  much  as  copper 

0.47 

per  pound  and  still  cost  the  same  as  copper  per  unit  length  from 
the  standpoint  of  electrical  resistance.  As  a  matter  of  fact,  how- 
ever, the  price  of  aluminum  at  present  is  less  than  2.13  times  that 
of  copper  per  pound,  so  that  it  is  actually  cheaper  to  use  aluminum 
as  an  (electrical  conductor  than  copper,  where  other  considerations 
do  not  enter. 

[313] 
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Use  for  Insulated  Cable. 

For  all  forms  of  wire  and  cable  which  have  to  be  insulated  with 
expensive  materials,  such  as  rubber,  aluminum  is  at  a  decided  dis- 
advantage. Its  lower  conductivity  necessitates  a  greater  diameter 
than  a  copper  conductor  of  the  'same  resistance,  and  the  extra  cost 
of  insulation  required  to  cover  tlie  aluminum  prevents  it  from  com- 
peting with  copper  for  this  particular  purpose  on  the  basis  of  the 
present  relative  costs  of  the  two  metals. 

Interior  Wiring. 

The  diflBculty  in  soldering  aluminum  wire  conveniently,  and  the 
greater  cost  of  covering  it  with  insulation,  renders  its  use  for 
interior  wiring  practically  out  of  the  question. 

Telephone  Wires. 

The  high  co-efficient  of  expansion  of  aluminum  wire,  and  its 
comparatively  low  tensile  strength,  causes  a  greater  sag  at  high 
temperatures  than  with  copper  in  overhead  line  work.  In  tele^ 
phone  construction,  where  the  wires,  by  necessity,  are  strung  close 
together  on  the  crossarms,  this  greater  sag  of  aluminum  would 
probably  result  in  contact  between  wires  at  the .  deflections  which 
would  occur  at  summer  temperatures.  For  this  reason,  together 
with  the  soldering  difficulty,  where  lateral  connections  are  made, 
aluminum  is  practically  shut  out  of  competition  with  copper  for 
this  particular  use.  There  is  also  some  objection  to  the  use  of 
aluminum  wire  as  small  as  that  required  for  teleplione  purposes, 
on  account  of  the  necessity  of  stranding  it.  There  is  no  reason, 
however,  why  aluminum  should  not  be  used  as  a  conductor  for 
isolated  aerial  telephone  lines,  if  a  large  enough  wire  can  be  used. 
In  cases  known  to  the  writer  where  it  has  been  used  for  such  tele- 
phone circuits,  it  seems  to  have  operated  as  a  particularly  good 
carrier  of  the  voice.  This  may  possibly  be  due  to  the  particular 
balance  which  exists  in  an  aluminum  wire  tetween  resistance,  in- 
ductance and  capacity,  aluminum  having  somewhat  less  self-induc- 
tion, and  more  caj^acity,  than  a  copper  wire  of  the  same  resistance. 

Bus-Bars. 

Aluminum  is  particularly  well  suited  for  bus-bar  constructions. 
Here  no  insulation  is  usually  required  over  the  bus-bar  metal,  while 
the  great  saving  in  weight,  and  the  lower  cost,  arc  decided  advan- 
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tages  in  favor  of  aluminum.  Care  should  be  taken,  however,  in 
using  aluminum  for  such  purposes,  to  provide  for  expansion  and 
contraction  vrith  changes  in  temperature,  which  is  greater  in  alumi- 
num than  in  copper.  The  increased  section  of  an  aluminum  bar 
over  a  copper  bar  of  the  same  resistance,  affords  greater  radiating 
surface  and  allows  a  given  current  to  be  carried  with  a  lower  rise 
in  temperature.  Consequently,  for  a  given  temperature  rise, 
which  is  usually  the  limitation  in  a  bus-bar  installation,  and  not 
"  drop,"  an  aluminum  bar  will  weigh  only  about  38  per  cent  of 
a  copper  bar  for  the  same  heating.  This  is  an  obvious  advantage 
for  aluminum.  Such  bars  are  being  used  extensively  for  carrying 
currents  of  very  large  volume,  such  as  are  required  in  low-voltage 
electrolytic  plants. 

Low-Voltage  Feeders. 

A  very  wide  application  of  aluminum  has  developed  for  low- 
voltage  direct-current  feeders,  especially  for  railway  work.  Sizes 
up  to  2,000,000  cm  are  in  use  for  railway  feeders,  the  cables  being 
usually  covered  with  weatherproof  braid.  Aluminum  has  many 
especial  advantages  for  this  purpose.  The  quality  of  the  poles 
and  crossarms  frequently  installed  for  the  support  of  railway 
feeders  is  not  of  the  best,  and  the  53  per  cent  reduction  in  weight 
in  the  use  of  aluminum  saves  in  maintenance  and  in  line  break- 
downs. The  cost  again  enters  as  a  10  per  cent  or  15  per  cent 
advantage.  Furthermore,  the  increased  radiating  surface  of  the 
aluminum  feeder  allows  a  greater  overload  to  be  carried  by  it  than 
with  copper,  without  melting  out  the  compound  of  the  weather- 
proof braid,  which  happens  so  frequently  in  copper  feeders  from 
overheating,  when  cars  become  bunched  on  the  line. 

High-Voltage  Overhead  Lines. 

The  most  prominent  use  of  aluminum,  electrically,  and  the  one 
over  which  there  has  been  the  greatest  amount  of  discussion,  is  that 
for  overhead  high-voltage  transmission  circuits.  When  aluminum 
was  first  introduced  for  overhead  conductors,  it  was  furnished  in 
the  solid  form.  Considerable  trouble  was  experienced  with  this 
kind  of  wire  from  breakage  resulting  from  flaws  in  the  metal,  and 
from  "  crystallizing  "  of  the  wire  from  swaying  in  the  wind.  About 
the  year  1900,  the  stranded  form  was  substituted  for  even  the 
smallest  sizes  (JSTo.  4  B.  &  S.),  and  the  original  trouble  from  break- 
age has  been  entirelv  eliminated. 
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The  writer  has  coiuniuiiicatcd  with  most  of  the  principal  users  of 
aluminum  wire  in  this  country,  in  order  to  establish,  by  the  expres- 
sion of  opinion  of  prominent  engineers,  tlie  position  of  aluminum 
as  an  overhead  conductor  in  comparison  with  copper.  The  replies 
to  these  inquiries  have  hrought  out  the  following  points: 

1).  That  the  experimental  stage  in  the  manufacture  of  alumi- 
num wire  has  parsed,  and  that  the  product,  as  now  furnished  by 
its  manufacturers,  is  entirely  reliable,  and  up  to  the  guarantees 
made  for  it. 

2).  That  there  is  no  appreciable  disintegration  of  aluminum 
wire  from  ordinary  atmospheric  conditions.  Certain  special  cases 
have  been  reported  of  corrosion,  all  of  them  affecting  short  lensrths 
of  wire  only.  One  where  wires  were  subjected  to  chemical  fumes 
from  factories,  and  others  where  the  wire  was  exposed  continuously 
to  salt  fog  on  the  Pacific  coast.  It  is  probable  that  any  metal  would 
have  been  affected  by  this  action.  Under  usual  conditions,  however, 
even  on  the  sea-coast,  aluminum  is  a  durable  metal.  Weather- 
proof insulation  serves  as  an  effective  protection  against  corrosive 
influences,  when  not  accompanied  by  continuous  moisture  which 
\vill  keep  the  weather-proof  braid  saturated.  The  Xiagara  Falls 
Power  Company  has  successfully  protected  its  aluminum  line  Avith 
weather-proof  braid  where  it  passes  through  the  chemical-factory 
district.  On  the  sea-coast,  where  the  atmosphere  is  damp, 
aluminum  should  not  have  weather-proof  covering,  for  the  above 
reason.  The  metal  will  protect  itself  by  thin  imperA^ious  coating 
of  oxide,  which  is  better  than  any  artificial  covering. 

3).  That  no  trouble  is  being  expeiienced  with  the  stranded 
aluminum  wire  in  breaking  from  flaws,  "  crystallizing,"  etc. 

4).  That  aluminum  wire  gathers  much  less  sleet  than  copper. 
This  is  perhaps  due  to  the  grease  which  is  absorbed  in  the  aluminum 
due  to  its  porous  qualities,  in  the  process  of  wire  drawing  or  from 
some  other  physical  condition  of  its  surface. 

5).  That  it  costs  k^s  to  string  aluminum  wire  on  account  of  it* 
lighter  weight. 

6).  That  care  must  be  taken  in  stringing  aluminum  wire  in 
rough  country  on  account  of  its  softness ;  stones  or  rough  places 
(in  the  ground  causing  considerable  abrasion,  where  tlie  wire  is 
dragged  along  the  ground. 

7).  That  the  mechanical  and  splice  joints  as  now  used  on  alu- 
minum wire  are  entirely  satisfactory  without  the  use  of  solder. 

8).  Can'  should  be  taken  in  tlie  design  of  an  aluminum  poU' 
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line  to  place  the  wires  as  far  apart  as  possible,  in  order  to  avoid 
trouble  from  bnrning-off  of  the  wire  in  case  of  a  short  circuit. 
T'lie  melting  point  of  aluminum  is  much  lower  than  that  of  coi)per, 
and  the  damage  from  a  prolonged  arc  is  therefore  greater.  If 
the  wires  are  placed  sufficiently  far  apart,  any  arc  which  may  be 
formed  will  be  so  unstal)Ie  that  it  will  travel  rapidly  with  the 
wind,  or  by  magnetic  repulsion,  and  wnll  not  stay  long  enough 
in  any  one  spot  to  cause  any  appreciable  burning. 

The  fundamental  consideration  which  enters  into  the  use  of 
aluminum  for  overhead  line  work  is  that  of  wind  pressure,  and 
especially  so  in  modem  long-span  construction  problems.  In  order 
to  obtain  some  direct  observations  of  wind  pressure  on  stranded 
cables,  the  writer  has  been  carrying  on  some  observations  upon 
an  experimental  950-ft.  span  constructed  for  the  purpose  at 
jSTiagara  Falls.  The  strong  winds  at  Xiagara  have  the  convenient 
property  of  always  blowing  from  the  exact  southwest.  This  ex- 
perimental span  was  therefore  erected  to  run  southeast  and  north- 
west so  that  the  strong  winds  would  blow  directly  at  right  angles 
to  the  cable  in  the  span.  The  supports  of  the  span  were  45  ft. 
in  height  and  placed  950  ft.  apart.  At  the  center  of  the  span 
a  platform  was  erected  at  such  a  height  that  the  cable  would  be 
accessible  at  the  exact  center.  A  government  standard  ane- 
mometer was  set  up  on  this  platform,  having  its  contacts  arranged 
to  indicate  the  time  for  every  one-quarter  mile  traversed  by  the 
wind.  A  wind  vane  was  also  erected  on  the  platform  to  indicate 
the  exact  direction  of  the  wind.  Dynamometers  were  arranged 
on  the  platform  to  indicate  the  wind-pull  on  the  cable.  On  the 
floor  of  the  platform,  _  which  was  within  a  few  inches  below  the 
c-enter  of  the  suspended  cable,  was  carefully  marked  the  exact 
center  of  the  span,  and  the  spot  over  which  the  exact  center  of  the 
cable  hung  when  the  cable  was  not  subjected  to  any  wind  pressure. 
When  the  wind  blew  directly  across  the  line,  a  dynamometer  was 
attached  to  the  exact  center  of  the  cable,  and  the  cable  drawn  back 
from  its  wind-deflected  position  to  the  center  spot  on  the  platform 
described  above.  The  pull  in  pounds  on  this  dynamometer  was 
then  observed  with  the  cable  at  its  central  position,  and  the  wind 
velocity  observed  at  the  same  time.  The  pull  at  the  center  then, 
as  indicated  by  the  dynamometer,  represented  one-half  the  total 
side  pressure  due  to  wind  on  the  cable,  the  other  half  of  the  side 
thrust  being  divided  equally  between  the  two  end  supports.  This 
dynamometer  reading,  therefore,  multiplied  by  two,  and  divided 
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by  the  projected  area  of  the  cable  in  square  feet,  gave  directly 
the  wind  pressure  per  square  foot  on  the  cable.  Fig.  1  shows  the 
results  of  these  observations  to  date.  The  highest  wind  velocity 
experienced  so  far  has  been  40  miles  per  hour  indicated  (331/2 
miles  per  hour  actual).  The  curve  drawn  represents  about  the 
average  of  all  tlie  observations  and  it  is  expressed  by  the  formula 

P  =  .0025  y2 
where  P  =  pressure  per  square  foot  of  projected  cable  area,  and 
F==  actual  velocity  of  wind  (not  indicated  velocity)  in  miles  per 
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Fig.  1.     Wind  Pressure  Curve. 


liour.  The  reason  for  variance  in  the  observations  is  due  to  the 
fact  that  the  wind-pull  on  the  wire  observed  was  proportional  to 
the  average  wind  velocity  throughout  the  whole  span,  whereas  the 
wind  velocity  obsei-vcd  by  the  anemometer,  in  connection  with  the 
pull,  was  merely  that  at  the  center  of  the  span.  Th(>  average  of 
the  observations,  however,   is  believed  to   be  close  to   the  correct 


figure. 


The  observations   will  be  continued   during  the  conung 
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winter,  and  it  is  hoped  that  the  curve  can  be  extended  by  some 
records  at  higher  wind  velocities. 

The  equation  P  =  .003  V^  has  been  established  by  some  other 
experimenters  on  wind  pressures  for  cylindrical  surfaces.  The 
fact  tliat  the  constant  in  the  writer's  observations  has  been  higher 
than  this  is  believed  to  be  due  to  the  fact  that  a  stranded  cable 
offers  greater  resistance  to  the  wind  than  a  pure  C7linder  of  the 
same  diameter. 

In  the  curves  and  tables  given  in  this  paper  showing  the  rela- 
tion between  span-length,  deflection,  temperature,  etc.,  the  equa- 
tion P  =  0.0025  y2  js  taken  as  a  basis  for  wind  pressure. 

Having  determined  the  value  of  wind  pressure  for  a  given  velocity, 
it  is  next  of  equal  importance  to  determine  the  maximum  velocity 
to  which  a  transmission  line  is  likely  to  be  exposed.  A  study  of 
the  records  of  the  United  States  Weather  Bureau  brings  out  the 
following  points: 

1).  The  wind  velocities  reported  by  the  United  States  weather 
stations  are  indicated  velocities,  not  actual  velocities,  the  correc- 
tion factors  being  shown  in  the  following  table: 

Indicated  velocity.  Actual  velocity, 

miles  per  hour.  miles  per  hour. 

0  0 

10  9.6 

20  i:.8 

30  25.7 

40  33 . 3 

50  40 . 8 

60  48 . 0 

70  55.2 

80  62.2 

90  69.2 

100  •  76.2 

2 ) .  Maximum  wind  velocities  do  not  occur  at  very  low  tempera- 
tures. 

3).  The  highest  regular  winds  occur  on  the  actual  sea-coast, 
the  exc-eption  being  tornadoes  of  very  narrow  path,  which  usually 
occur  inland  and  which  blow  at  unknown  velocities,  probably  200 
miles  per  hour,  or  more. 

4).  With  the  exception  of  tornadoes,  and  gales  which  blow  on 
the  tops  of  high  peaks,  Point  Eeyes,  Calif.,  and  other  places  which 


Wind  velocity, 

indicated, 
miles  per  hour. 

Wind  velocity, 

actual, 
miies  per  hour. 

73 

56.6 

78 

60.8 

90 

69.2 

78 

60.8 

84 

65 

76 

59.4 

60 

48 
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might  be  considered  as  freak  localities,  the  highest  winds  recorded 
do  not  exceed  100  miles  per  hour  indicated,  or  about  76  miles 
per  hour  actual  velocity.  Winds  of  even  this  velocity  occur  only 
on  the  sea-coast  and  are  seldom,  if  ever,  experienced  inland.  The 
following  figures  show  the  highest  winds  on  record  for  the  past 
ten  years  at  some  of  the  cities  in  this  country  (tornadoes  excepted, 
which  are  not  on  record)  : 

Place. 

Bismark.  N".  D 

lOastport.  Me 

Buffalo,  N.  Y 

Xew  York  City 

(Jalveston,  Tex 

vSavannah,  Ga 

Salt  Lake  City 


None  of  the  above  winds  blew  at  very  low  temjieratures. 

5).  The  records  of  the  Weather  Bureau  are  all  taken  at  high 
points,  such  as  at  the  tops  of  high  buildings,  etc.,  which  are  100 
i'eo.t  or  more  above  the  ground.  The  wind  velocity  decreayea 
rapidly  as  the  ground  level  is  approached,  and  at  the  level  of  an 
ordinary  transmission  line,  the  velocity  is  about  30  ]wv  cent  less 
than  at  a  point  100  feet  or  more  above  the  ground. 

Assuming  then  that  lOO-miles-per-hour  indicated  velocity  is  the 
maximum  likely  to  be  experienced  at  the  elevation  of  a  weather 
station,  this  would  be  only  76-miles-per-hour  actual  velocity,  and 
30  per  cent  less  for  the  level  of  a  transmission  line,  or  about  55 
miles  per  hour  actual.  According  to  probabilities,  even  this  would 
not  occur  at  minimum  temperatures. 

In  the  curves  which  are  given  in  this  paper,  G.")  miles  per  hour 
actual  velocity  at  minimum  temperature  is  taken  as  a  basis  for 
maximum  wind-pressure,  and  it  is  believed  that  this  is  high  enough 
to  meet  any  probable  wind  stress  except  that  due  to  a  tornado. 
The  speed  of  65  miles  per  hour  at  minimum  temperature  corre- 
sponds to  about  80  miles  at  maximum  temperature  in  the  stress 
which  it  produces  on  a  wire.  In  regard  to  tornadoes,  their  veloc- 
ity is  so  high  that  it  is  commercially  impossible  to  build  all  lines 
strong  enough  to  withstand  them.  It  must  be  remembered  that 
even  if  the  wind  should  exceed  the  velocity  assumed  iu  this  paper 
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as  a  safe  commercial  maximum,  the  worst  that  could  happen  would 
be  a  stretching  of  the  wire  up  to  a  new  deflection  corresponding 
to  the  higher  wind-tension.     The  reduction  in  area  of  the  wire 
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would   be  only  a  small   fraction   of  one  per  cent,  and  the  slack 
could  be  taken  up  in  a  few  hours'  work  after  the  wind  had  passed. 
Vol.  11  —  21 
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Figs.  2,  3  and  4  show  the  comparative  deflections  between  alu- 
minum and  copper  for  various  sizes  of  conductor,  for  span-lengths 
from  200  ft.  to  1,000  ft.  The  deflection  shown  is  that  which 
would  result  at  150  deg.  F.  above  the  minimum  temperature  with- 
out wind,  if  the  line  was  strung  so  that  at  minimum  temperature, 
and  65-miles-per-hour  actual  wind  velocity  directly  at  right  angles 


v^ 


P    0 


Tension  =  elastic  limit  at  minimum  temperature 

Temperature  range  =  150°  F    | 

Wind  yelocity  =  65  miles  per  hour  at  minimum 


temperature 

A=36P0OO  c,m  copper  stranded 

B  =  553150  c,m,  aluminum  stranded 


100 


200       300      400       500       COO      700       800       900      JOOO 
Length  of.Span.in  Feet 


Fio.  4.    Deflection  Curve  at  Maxiaium  Tempebatubb. 

to  the  line,  the  wires  would  be  stressed  to  their  elastic  limit, 
following  data  are  assumed  in  all  the  calculations: 


The 


Alumiuum.  Copper. 

Elastic  limit  per  sq.  inch 14,000  lbs.  40,000  lbs. 

Coefficient   of    expansion    per    deg.  0.000,012,8  0.000,009,6 

Modulus  of  elasticity 9,000,000  16,000,000 

Temperature  range 150°  F.  150°  F. 

Wind  velocity  at  min.  temp.,  per  hr.  65  miles  65  miles 

Wind  pressure  per  square  foot 10.5  lbs.  10.5  lbs. 


It  will  be  noticed  from  the  curves  that  the  deflection  is  larger 
with  small  wires  than  with  large  ones.  This  results  from  the  fact 
that  the  strength  to  resist  wind  pressure  increases  in  proportion 
to  the  square  of  the  diameter  of  the  wire ;  whereas  the  wind  pres- 
sure increases  only  directly  as  the  diameter.  Fig.  5  shows  the 
deflections   which    would   exist   if   there   were  no    wind   stresses. 
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Aluminum  in  this  case  closely  approaches  copper  in  deflection. 
This  curve  in  comparison  with  curves  2,  3  and  4  illustrates  the 
importance  of  taking  wind  pressure  into  consideration  in  all  cal- 
culations for  long-span  constructions. 

This  question  of  deflection  at  maximum  temperature  without 
wind  is  of  vital  importance  fot  it  determines  the  height  of  the 
supports  necessary  to  keep  the  conductor  at  a  safe  distance  from 
the  ground  under  extreme  temperature  conditions.  This  height 
of  support  establishes  to  a  considerable  extent  the  cost  of  the 
transmission  line,  and  it  is  an  especially  important  matter  in  long- 
span  constructions. 

An  inspection  of  the  curves  shows  that  aluminum  is  at  a  dis- 
advantage compared  with  copper  in  this  matter  of  deflection  where 
long  spans  are  considered.     For  example,  supports  for  400-foot 
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Fig.  5.     Deflection  Curve  at  Maximum  Temperature. 


spans  of  aluminum  of  265,000  cm  section  will  have  to  be  3.4  ft. 
higher  than  the  supports  for  equivalent  copper.  For  spans  of  300 
feet  or  less  the  matter  of  deflection  is  unimportant,  for  it  makes 
little  difference  whether  the  deflection  is  two  feet  or  three  feet,  more 
or  less.  But  in  very  long  spans  where  the  difference  may  be  20  feet 
in  the  case  of  copper  and  30  feet  in  aluminum,  the  question  of  de- 
flection is  of  considerable  moment;  and  the  advantages  are  in  favor 
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of  copper.  The  height,  therefore,  of  a  support  for  a  long-span  line 
of  aluminum  would  have  to  be  greater  than  for  a  copper  line.  Its 
strength,  however,  need  not  be  so  great  as  would  be  required  for 
the  support  of  a  copper  span.  The  weight  of  the  aluminum  wire 
is  only  47  per  cent  of  the  copper  span  of  the  same  resistance,  and, 
furthermore,  the  tension  in  the  aluminum  cables  will  be  from 
one-half  to  one-third  those  of  the  copper  ones,  depending  upon 
the  temperature.  Where  there  are  bends  in  a  line,  and  when  each 
pole  is  designed  to  withstand  unbalanced  strains  due  to  the  break- 
ing of  one  or  more  wires,  the  lesser  weight  and  tension  on  the  alu- 
minum cables  is  a  decided  advantage  which  offsets,  in  a  measure, 
the  increased  height  required  for  the  aluminum  supports. 

Xo  account  of  the  extra  weight,  due  to  the  formation  of  sleet 
on  the  wire,  is  taken  in  the  calculations  in  this  paper,  for  it  does 
not  seem  to  be  the  experience  of  most  engineers  that  sleet  forms 
on  high-voltage  wires.  This  is,  perhaps,  due  to  the  electro-static 
repulsion  of  the  particles  of  water  from  the  wires,  which  prevents 
their  forming  into  sleet,  or  else  a  sufficient  rise  in  temperature 
exists  in  the  wire  due  to  current  to  prevent  freezing.  Sleet  would 
certainly  not  stay  on  a  wire  during  a  high  wind. 

Table  I  gives  the  resistance  and  other  properties  of  pure  alu- 
minum cable  as  now  manufactured  in  sizes  from  Xo.  4  B  &  S 
up  to  1,000,000  CM. 

Table  II  gives  the  resistance  and  other  properties  of  aluminum 
cable  in  sizes  equivalent  in  resistance  to  standard  sizes  of  copper 
from  Xo.  6  B  &  S  to  1,000,000  CM. 

Table  III  gives  the  deflections  which  would  occur  at  various 
temperatures  without  wind  in  three  sizes  of  aluminum  cable  for 
various  span  lengths  up  to  1000  feet,  the  cable  being  stretched 
so  that  it  reaches  its  elastic  limit  at  minimum  temperature  with 
the  wind  blowing  at  65  miles  per  hour  actual  velocity.  The  other 
constants  are  taken  the  same  as  in  curves  2,  3,  4  and  5. 

Table  IV  shows  deflections  at  various  temperatures  and  span 
lengths  without  wind  for  No.  2  B  &  S  aluminum,  the  wire  being 
stretched  to  its  elastic  limit  at  minimum  temperature,  witli  the 
wind  blowing  65  miles  per  hour  actual  velocity.  It  is  safe  to 
follow  this  table  for  all  sizes  of  cable,  for  the  larger  sizes  will 
have  slightly  smaller  deflections  without  exceeding  their  elastic 
limit  on  account  of  their  greater  relative  strength. 
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Aluminum  is  a  highly  electro-positive  metal.  Consequently 
great  care  should  be  taken  where  contact  is  made  with  other  metals 
to  keep  the  joint  free  from  moisture,  otherwise  galvanic  action 
will  be  set  up  which  will  rapidly  destroy  the  aluminum. 

The  fact  that  aluminum  is  one  of  the  principal  constituents  of 
the  earth's  crust  leads  one  to  believe  that  some  day  its  cost  will 
be  very  low.  If  that  condition  ever  arrives  aluminum  will  prob- 
ably become  the  principal  metal  for  the  conduction  of  electric 
current. 


TABLE  I.— Dimensions  and  Rksistances  of  Ai^umtnum  Cabi.e. 
75°  F.    Resistance  Per  Mil-Foot,  62  Per  Cent  Conductivity 
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TABLE  ir.— Dimensions  and  Resistances  of  Alttmtnxtm  Stranded  Cables  Eqttita 
LENT  IN  Resistances  to  Standard  Sizes  Copper.  Resistance  at  75°  F. 
Resistance  Per  Mil-foot,  62  Conductivitt  at  75°  F.  =  16.&49  Ohms. 
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1.02 

.6208 

.02144 

.11320 

727.2  38.39 

1.3T;« 

8690  16140 

450,000  CM.. 

711,150 

.97 

.5.586 

.02383 

.12580 

654.4  34.57 

1.5282 

7820,14520 

400,000  CM.. 

m:,  300 

.92 

.4966 

.02680 

.14150 

581.7  3071 

1.7192 

6950 

12910 

3.50,000  CM.. 

553, 150 

.86 

.4345 

.03064 

.16180 

509.0  2687 

1.9648 

6080 

11300 

800.(K)0  CM.. 

474,200 

.79 

.3724 

.03574 

.18870 

436.2  2:303 

2.2927 

5210 

9680 

25:i,0rX)  CM. . 

395, 150 

.72 

.3103 

.04289 

.22650 

363.5,1919 

2.7511 

4:340 

8070 

0000  B&S. 

334.450 

.66 

.2627 

.05068 

.26760 

307.7|l6:» 

3.2.500 

3680 

68;-;o 

000  B&S. 

265.250 

.59 

.2083 

.06390 

.33740 

244.01288 

4.0985 

2920 

5420 

00  B&S. 

210.300 

.53 

.1&52 

.08060 

.42550 

193.5  1022 

5.1680 

2310 

42!0 

0  B&S. 

166.850 

.47 

.1310 

.10170 

..53700 

1.53.5  810.5 

6.. 51. 50 

18:30 

:3410 

1  B&S. 

132.300 

.42 

.1039 

.12810 

.67640 

121.7 

642.6 

8.2170 

14.50 

2700 

2  B&S. 

104,900 

.37 

.0824 

.16160 

.a5.320 

96.5 

509.5 

10.363:3 

1150 

2143 

3  B&S. 

83,190 

.33 

.0653 

.20370 

1.0760 

76.5 

403.9 

13.07:30 

914 

1700 

4  B&S. 

ft5,980 

.30 

.0518 

.25690 

l.a563 

60.7 

320.5 

16.477 

726 

13.50 

5  B&-S. 

52,320 

.26 

.0411 

.32390 

1.7103 

48.2 

2.54.5 

20.7.00 

575 

1070 

6  B&S. 

41,490 

.23 

.0326 

.40850 

2.1570 

38.2 

201.7 

26.180 

456 

850 

Conductivity  copper  calculated  for  98,  Matthiessen  standard  scale. 
Elastic  limit  aluminum  =  14,000  lbs.  per  square  inch. 
Ultimate  strength  aluminum  =  26,000  lbs.  per  square  inch. 


TABLE  III.— Deflections  in  Feet  Without  Wind.    Aluminum  Cable. 


Rise  above  mini- 
mum tempera- 
ture F". 


200  Foot 
Span. 


400  Foot 
Span. 


S  -'S  -Is 
^.S  ;;S  =JS 
SO  go  g?o 


600  Fooz 
Span. 


S  .'8  -'S 


800  Foot 
Span. 


1,000  Foot 
Span. 


a 


:S'0 


0° 

20», 
40° 
60° 
80° 
100° 
120° 
140° 
150° 


.42 

.51 

.65 

.8:3'  . 
1.07  1. 
1..57  1. 
2.;?0  2. 
2.75  2, 
2.97  3, 


4.5  .46  1.80  1.95  2.20  4.3  5.1  6.2  83.610.3  14.0113.918.6  26.0 
.52  .55  2.20  2.42  2.75  5.11  6.1  7.2  9.5111.7  15.415.6  20.3  27.6 
65i  .69,2.70  2.90  3.40  6.0  7.1  8.4110.8  13.2  16.9  17.3  22.0  29.0 
85,  .92  3.35  3.70  4.20  7.0,8.2  9.7  12.3  14.7  18.3  19.12:3.8  30.5 
13,l.:3O|4.15  4.5O5.10  8.2  9.5  11.0  13.8  16.4  19.6  :«. 8  2-5.5  31.8 
65  1.82'5. 05  5.456.00  9.5  10.8112.2  15.4117.7  20. 9122. 5|:?7.1  3:3.1 
27  2. 45  6. 00  6. 40  7. 00  10. 8  12. 013. 3  KJ.O  19.1  22.2  24.2]28.6  :34.4 
80  2.a5  ft.90  7.:i5  7.85|11.9  13.1'14.4  18.3:20.4  2:3.4,25.9  30.0  :35.8 
03,3. 10,7.20,7.78:8.50  12.5  13.6  15. 7,19. 0  21 .5125. 5:26. 7  31.5137.5 


Wire  stressed  to  elastic  limit  at  minimum  temperature  with  65  miles  per  hour  actual 

wiud  velocity. 
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TABLE  IV.— Deflections  op  Aluminum  Wire  Without  Wind.  Deflections  in 
Inches.  Maximum  Tension  14,000  1'ounds  Per  Square  Inch  at  Minimum 
Temperature  with  Wind  65  Miles  Per  Hour  Actual  Velocity. 


KISE   ABOVE    MINIMUM    TEM- 
PERATURE F.» 

Length 

OF  Span. 

200  ft. 

180  ft. 

160  ft. 

140  ft. 

120  ft. 

100  ft. 

0    

6.30 
7.00 
7.80 
8. HO 
10.20 
12.  (X) 
14. 0« 
16.50 
19.75 
2:5.10 
26.60 
29.75 
:?3.45 
36.75 
40.00 
43.00 

5.30 

5.70 

6.40 

7.25 

8.40 

9.80 

11.50 

14.00 

17.00 

20.00 

21130 

26.60 

29.75 

32.80 

35.75 

38.40 

4.20 

4.50 

5.10 

5.75 

6.70 

7.80 

9.40 

11. .50 

14.25 

16.80 

20.00 

23.00 

2.5.75 

28.70 

31. .50 

33.60 

3.10 

3.40 

3.80 

4.50 

5.20 

6.40 

7.50 

9.20 

11.40 

13.80 

16.60 

19.50 

22.20 

24.50 

26.80 

29.10 

2.20 

2.40 

2.80 

3.20 

3.80 

4.60 

5.60 

7.00 

8.90 

10.30 

13.10 

16.25 

18.70 

20.80 

22.80 

24.80 

1.70 
1.75 
1.90 
2.20 
2.70 
3.80 
4.00 
5.20 
6.80 
8.75 
10.80 
13.10 
15.2<J 
17.20 
18.80 
20.30 

10 

20 

20 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

Calculations  made  for  No.  2  B  &  S  stranded  conductor. 

Appendix. 

The  method  used  in  the  calculation  of  the  curves  in  Figs.  2, 
3,  4  and  5  is  a  graphical  one  based  upon  the  Catenary  formulae 
in  Weisbachs'  Mechanics.  The  method  is  exemplij&ed  here  in  de- 
tail, in  order  to  show  the  relations  of  the  various  elements  of  the 
problem : 

y^  w 

Where  a;  =  deflection  at  the  center  of  the  span  in  feet. 
y  =  one-half  the  length  of  the  span   in  feet. 
w  =  weight  per  foot  of  wire  in  pounds,  or  the  resultant  of 

wind  and  weight  if  wind  pressure  is  taken  into 

consideration. 
T  =  tension  in  wire  at  center  of  span  in  pounds. 

2 


2).  l  =  y 


1  +  1 


1) 

y  ' 


Where  I  =  one-half  the  length  of  wire  in  the  span. 


3).  x  = 


s/  'Mjl  —  'M/ 
2 


The  following  formulae  were  also  used  which  explain  them- 
selves : 

TL 

4).  ^E 

[     Ma 
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Where  E  =  the  elongation  of  a  wire  in  feet  within  its  elastic  limit 
under  a  tension  T ;  where  M  =  modulus  of  elas- 
ticity, a  =  sectional  area  of  wire  in  square  inches, 
and  L  =  length  of  wire  in  span  in  feet. 
5).  i^=L,(l  +  Z21/). 
Where  Z^  =  length  of  a  wire  at  maximum  temperature. 
J^Q  =  length  of  wire  at  initial  temperature. 
£"  =  coefficient  of  linear  expansion. 
ilf  =  Maximum  rise  in  temperature  in  degrees  F. 
Example. 

In  a  1,000-foot  span,  to  find  the  deflection  at  maximum  tempera- 
ture with  the  wire  strung  in  such  a  way  that  at  minimum  tem- 
perature with  a  wind  velocity  of  65  miles  per  hour  (actuiil)  the 
wire  will  be  stressed  to  its  elastic  limit. 

Assume  500,000  cm  aluminum  diameter  =  0.81  in.;  weight  per 
foot  =  0.46  lbs.;  area  =  0.393  sq.  in.;  modulus  of  elasticity  = 
9,000,000;  elastic  limit  of  v.ire  =  5,500  lbs. ;  rise  in  temperature  = 
150  deg.  F. ;  wind  pressure  (from  curve)  =  10.6  per  sq.  ft.  =  0.716 
lbs.  per  ft.  of  cable;  resultant  of  wind  and  weight  =  0.85  lbs.  per 
ft.  of  cable. 

From  equation  (1)  — 

5002  X. 85        212,500 

X  =  . ^= .  =19  3  ft. 

2  X  5,500         11,000 

which  will  be  the  deflection  of  the  wire  under  wind  pressure  at 
minimum  temperature  in  a  plane  which  will,  of  course,  be  de- 
flected from  the  vertical,  the  tension  being  the  elastic  limit  or 
5,500  lbs.  The  length  of  the  wire  under  these  conditions  can  be 
found  from  equation   (2) — 

1=500  (l+l  (IHY)  =  500  +  ''""»  X  "^  -  600.496 
\    ~    3   ^600^/  750,0U0 

2Z  =  L  =  1,000.992  ft. 
Next  assume  that  the  wind  has  ceased  and  that  h}T)othetically 
the  weight  of  the  wire  has  been  reduced  to  an  infinitely  small 
quantity.  The  wire  then  will  not  be  stressed  and  it  will 
contract  elastically  to  a  position  of  zero  extension.  This  contrac- 
tion can  be  found  from  equation   (4)  — 

^_  5,500  X  1,000.992  _^^^ 
9,0(10,000    X    .392 
Length  of  wire  unstressed  will  then  be  at  minimum  temperature 
1,000.992  —  1.5G  =  999.432  ft. 
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Next  assume  the  temperature  to  rise  150  deg.  F.  The  wire  will 
then  expand  an  amount  shown  in  equation   (5)  — 

L^  =  999.432  (1  +  .000,012,8  X  150)  =  1.92  ft. 

Length  unstressed  then  at  maximum  temperature  will  be  999.432 
+  1.92  =  1,001.352  ft.,  which  corresponds  to  a  deflection  [from 
equation   (3)]   of  22.5  ft. 

Next  assume,  hypothetically,  that  the  wire  has  its  normal  weight 
restored.  It  will  then  sag  down  from  the  above  deflection  until 
such  a  new  deflection  is  reached  that  the  tendency  to  elongate  due 
to  gravity  stress  is  just  balanced  by  the  elastic  tendency  to  contract. 
This  will  be  the  deflection  sought  for  in  this  problem.  It  can  be 
found  graphically  as  follows: 

Starting  with  the  deflection  at  maximum  temperature  and  zero 
tension  (22.5  ft.)  assume  certain  increasing  tensions  in  the  wire 
and  find  the  corresponding  deflections  by  applying  equation  (4), 
to  get  the  increased  length  and  equation  (3)  which  will  give  the 
corresponding  deflection.     Plot  these  tensions  and  deflections  (Fig. 
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Fig.  6. 


26     .28      30      32      3i 


C)  which  gives  the  curve  AB.  This  curve  represents  the  relation 
between  tension  and  resulting  deflection  in  the  wire  as  the  wire 
sags  down  under  gravity  stress  from  its  hypothetical  position  oi 
zero  tension.     Next  plot  a  curve  CB  (Fig.  6)  by  substituting  vari- 
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ous  values  for  T  in  equation  (1)  where  If  =  the  weight  of  the 
wire  per  foot. 

This  curve  shows  the  relation  between  tension  and  deflection  in 
the  wires  at  various  tensions  when  it  is  assumed  to  have  its  normal 
weight  per  fooi 

The  point  of  intersection  E  of  these  two  curves  is  the  point  of 
equilibrium  and  the  deflection  corresponding  to  this  point  (27  ft.) 
is  the  deflection  in  question.  It  is  the  point  where  the  force  of 
elastic  contraction  is  balanced  by  the  gravity  stress. 

This  problem  can  be  solved  analytically  by  a  number  of  methods, 
but  the  process  leads  to  complex  cubic  equations,  and  a  graphical 
method  brings  out  more  clearly  the  physical  relations  in  the  propo- 
sition.    For  this  reason  it  is  given  here  in  detail. 

Chairman  Scott:  A  second  paper  bearing  upon  the  same  general  sub- 
ject is  that  of  Mr.  Blackwell  on  "  Conductors  for  Long  Spans."  Mr.  Black- 
well  was  here  the  first  of  the  week  but  could  not  be  here  to-day. 

At  the  request  of  the  Chairman,  Mr.  Lincoln  then  read  Mr.  Black- 
well  "b  paper. 


CONDUCTORS  FOR  LONG  SPANS. 


BY  FRANCIS  0.  BLACKWELL. 


As  electric  power  is  transmitted  over  greater  distances  and  trans- 
mission plants  grow  in  size,  more  attention  must  be  given  to  the 
importance  of  improving  the  construction  of  transmission  lines. 

A  very  large  number  of  transmissions  of  from  50  to  150  miles 
are  now  in  operation,  many  of  them  with  several  main  circuits 
radiating  from  a  common  power  center,  with  other  lines  in  turn 
branching  from  these  main  circuits.  The  territory  covered  by  such 
plants  is  so  great,  and  the  transmission  system  so  complex,  as  to  call 
for  a  departure  from  the  earlier  methods  developed  from  telegraph 
and  telephone  practice. 

It  is  obvious  that  the  longer  the  line  the  more  reliable  and  sub- 
stantial it  must  be.  A  plant  transmitting  power  five  miles  might 
be  shut  down  three  or  four  times  a  year  by  line  troubles  without 
seriously  interfering  with  its  service.  If,  however,  there  were  500 
miles  of  circuits  instead  of  five,  and  the  same  number  of  accidents 
per  mile  occurred,  the  plant  would  be  shut  down  every  day  and  the 
power  would  be  absolutely  valueless.  ]\Ioreover,  the  longer  the 
transmission  line  the  more  difficult  it  is  to  locate  and  correct  a 
fault.  On  a  five-mile  line  repairs  might  be  made  in  an  hour  or  two 
while  on  a  500-mile  system  it  would  probably  take  a  day  to  find  the 
place  and  get  the  plant  in  operation  again. 

Existing  wooden  pole  lines  have  given  good  results  and  electric 
power  has  proved  successful  even  under  adverse  conditions  and 
justified  the  investment  of  greater  capital  in  larger  plants  and 
longer  power  transmissions. 

The  same  reasons  which  have  led  the  railroads  to  replace  their 
wooden  bridges  with  steel  structures  will  ultimately  cause  power 
transmission  engineers  to  substitute  steel  for  wood  in  all  important 
transmission  enterprises.  The  advantages  of  a  steel-tower  con- 
struction are  that  it  is  fireproof,  durable  and  readily  admits  of 
structures  of  a  size  and  strength  impracticable  with  wood.     "With 
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higher  and  stronger  supports  for  the  power  circuits  longer  spans 
can  be  employed  and  the  number  of  points  of  support  correspond- 
ingly reduced.  This  fewer  number  of  parts  mucli  simplifies  the 
transmission  system,  both  in  construction  and  in  operation,  and  per- 
mits of  more  expensive  and  reliable  designs  being  used.  The  wires 
may  be  placed  much  farther  apart  thus  obviating  the  principal  cause 
of  trouble  —  short-circuits.  The  insulators  may  also  be  larger  and 
better,  both  electrically  and  mechanically,  and  every  part  of  the 
system  can  be  laid  out  in  advance,  the  strains  calculated  and  the 
structures  designed  with  ample  factors  of  safety. 

The  length  of  span  to  use  is  the  most  difficult  question  and  the 
one  into  which  the  most  factors  enter.  The  calculation  of  long 
spans  is  primarily  a  suspension-bridge  problem  in  which  all  the 
mechanical  stresses  must  be  fully  investigated. 

The  strength  of  the  conductor  is  at  least  as  important  as  it? 
condxictivity  and  the  purpose  of  this  paper  is  to  give  the  results  of 
investigations,  made  under  the  direction  of  the  writer,  to  determine 
the  characteristics  of  conductors  so  as  to  secure  some  definite  basi^j 
upon  which  to  figure  long  spans.  To  this  has  been  added  other  data 
which  must  be  assumed  and  the  method  of  calculation  followed. 

The  materials  available  as  conductors  are  copper,  aluminum,  iron 
and  steel.  The  alloys  of  copper  and  aluminum  have  strength  but 
low  conductivity  and  have  not  been  considered  in  this  paper. 

Copper  Wire. 

Copper  wire  varies  widely  in  its  characteristics  depending  on  the 
methods  used  in  its  manufacture.  The  copper  is  received  at  the 
wire  mill  in  the  form  of  cast-wire  bars  weighing  200  to  300  lbs. 
It  is  then  rolled  into  rods  and  the  rods  are  drawn  into  wire  of  the 
required  size.  The  temperature  at  which  the  metal  is  rolled,  the 
reduction  of  area  both  in  rolling  and  drawing,  and  the  amount  of 
annealing  which  the  wire  is  given,  all  have  an  important  bearing 
on  its  characteristics.  As  the  size  of  the  original  wire  bar  is  limited, 
the  smaller  the  wire,  the  more  it  is  worked  and  in  general  the 
better  the  result. 

Fig.  1  shows  stress  and  strain  curves  of  different  kinds  of  copper 
wire,  made  in  a  Eichle  tension  machine,  which  are  plotted  in  terms 
of  pounds  per  sq.  in.  and  per  cent  elongation  in  60  ins.,  so  that 
the  different  wires,  although  of  various  sizes,  can  be  directly 
compared. 
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A  is  soft  annealed  wire  of  ,168"  diameter;  B  is  ordinary  half 
hard  wire  of  .363"  diameter;  C  is  hard  trolley  wire  of  .363"  di- 
ameter; and  D  is  hard-drawn  telephone  wire  of  .1046"  diameter. 


J  0,000 


60,000 


60,000 


40,000 


60,000 


80,000 


10,000 


0    .2    .4    .6    .8  1.0  1.2  1.4  1.6  1.8  2.0  2.3  2.4  2.6  2.8  3.0^2  3.4  3.6  3.8  4.0 
Elongation  (^  of  original  lengih; 

Fig.  1. 

It  will  be  noted  that  the  ultimate  resistance  of  these  wires  varies 
from  34,350  lbs.  to  67,000  lbs.  per  sq.  in.,  and  the  elastic  limit, 
which  is  assumed  to  be  at  the  point  where  the  stress  and  strain  cease 
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to  be  proportional  (the  tangent  point  of  the  curve),  varies  from 
7000  lbs.  to  40,000  lbs.  per  sq.  in.     In  these  curves  the  read- 
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ings  were  made  as  quickly  as  possible  to  prevent  the  wire  taking 
a  set. 

In  Fig.  2  is  shown  a  diagram  of  .168"  diameter  hard-drawn 
copper  wire  in  which  the  wire  is  given  time  to  take  a  set  at  certain 
points.  The  curve  is  repeated  several  times  by  running  up  from 
zero  to  a  higher  stress  than  before,  and  it  will  be  noted  that  the 
wire  takes  a  permanent  set  at  each  stress  to  which  it  is  subjected, 
and  the  longer  the  time  the  greater  the  set. 

Fig.  3  shows  the  curve  of  the  same  .168"  diameter  wire  given 
on  Fig.  2  that  had  already  been  broken  in  the  testing  machine  at 
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60,900  lbs.  per  sq.  in.  and  consequently  had  taken  the  maxi- 
mum set.  In  this  case  the  elastic  limit,  taken  at  the  tangent  point 
of  the  cur\'e,  would  be  55,000  lbs.  per  sq.  in.,  instead  of  the 
35,000  lbs.  it  had  originally,  as  shown  in  Curve  D  in  Fig.  1.  It 
is  evident,  therefore,  that  the  actual  elastic  limit  can  be  made  nearer 
the  ultimate  resistance  by  stretching  the  wire  either  in  drawing  it 
or  afterward. 

In  order  to  study  the  effect  of  time  upon  the  elongation  of  wire, 
and  to  determine  whether  the  wire  would  continue  to  stretch  and 
ultimately  break  at  points  below  the  elastic  limit,  the  arrangement 
shown  in  Fig.  4  was  devised.     This  consists  of  jaws  to  clamp  the 
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ends  of  the  wire  so  that  a  weight  can  be  suspended  by  it.    In  order 
to  measure  the  elongation,  the  copper  wire  is  passed  through  a 
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copper  tube  which  is  clamped  to  the  wire  at  the  upper  end.     As 
the  tube  and  wire  are  of  the  same  material  the  elongation  can  bo 
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measured  independently  of  the  changes  in  the  temperature  of  the 
room.  The  wire  was  then  subjected  to  a  stress  and  the  elongation 
measured  at  different  times. 
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Fig.  5  is  a  curve  of  strain  and  time  upon  a  5-ft.  piece  of  the 
.168"  diameter  copper  wire  which  was  subjected  to  a  stress  of  1200 
lbs.  or  54,000  lbs.  per  sq.  in.  for  seven  days,  eight  hours,  until 
it  broke.  This  shows  that  a  wire  will  not  stand  continuously  90 
per  cent  of  its  ultimate  resistance  as  pieces  of  this  wire  broke  again 
in  the  testing  machine  at  61,000  lbs.  per  sq.  in.  The  elonga- 
tion bhown  by  the  weight  test  was  not  materially  different  from  that 
given  by  the  testing  machine  in  Fig.  5.  So  far  as  these  suspension 
tests  have  gone  they  indicate  that  hard-drawn  copper  wire,  which 
has  an  elastic  limit  of  40,000  lbs.  per  square  inch  as  ordinarily 

Diaxn.  = 
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tested,  will  stand  continuously  about  50,000  lbs.  per  sq.  in.,  or  80 
per  cent  of  its  ultimate  strength. 

Aluminum  Wire. 

The  conditions  of  manufacture  have  the  same  effect  upon  the 
characteristics  of  aluminum  as  in  the  case  of  copper  wire.  The 
elongation  of  hard-drawn  aluminum  averages  about  the  same  as 
that  of  hard-drawn  copper  in  the  samples  tested  and  the  aluminum 
wire  takes  a  set  in  the  same  way  as  already  mentioned  in  copper. 

Fig.  6  is  a  curve  upon  aluminum  wire  of  .2037"  diameter  taken 
with  time  intervals  to  allow  the  wire  to  set.  The  ultimate  resistance 
of  the  aluminum  wire  tested  averaged  about  24,000  lbs.  per  sq. 
in.,  and  the  elastic  limit  from  12,000  to  14,000  lbs.  This  alumi- 
num wire  gave  60  per  cent  of  the  conductivity  of  hard-drawn  copper 
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of  equal  cross-section.  The  cross-section  for  equal  conductivity 
must,  therefore,  be  GO  per  cent  greater  than  that  of  copper  and  the 
diameter  27  per  cent  greater.  The  weight,  on  the  other  hand,  is 
about  one-half  that  of  copper  for  equal  conductivity. 

Iron  and  Steel  Wire. 

Fig.  7  shows  the  stress  and  strain  diagram  of  common  soft  .1638" 
diameter  galvanized  iron  telegraph  wire.  Its  resistance  was  7.1 
times  that  of  copper.  The  ultimate  resistance  and  elastic  limit  of 
this  wire  are  less  than  that  of  hard-drawn  copper  wire. 

The  elongation  (11  per  cent),  however,  is  much  greater,  showing 
that  the  iron  wire  gets  its  strength  from  the  material  rather  than 
from  the  method  of  manufacture..   It  probably  was  stronger  before 
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Fig.  7. 

it  was  galvanized  which,  undoubtedly,  drew  the  temper  and  reduced 
the  strength. 

Tests  upon  samples  of  steel  wire,  made  before  and  after  galvaniz- 
ing, showed  that  the  ultimate  resistance  was  43  per  cent  higher 
before  being  galvanized  and  the  elongation  one-tenth.  Iron  and 
steel  take  a  set  under  stress  the  same  as  the  copper  and  aluminum 
samples. 

Figs.  8  and  9  show  curves  of  galvanized  crucible  steel  .109"  di- 
ameter wire  made  by  the  American  Steel  &  Wire  Company,  which 
had  an  ultimate  resistance  of  nearly  230,000  lbs.  per  sq.  in., 
Vol.  11  —  22 
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and   an   elastic   limit   of  about   125,000   lbs.   per   sq.   in.      This 
wire  takes  a  set  similar  to  that  shown  by  other  materials.     The 
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elongation  is  noticeably  greater  than  that  of  copper.     The  resist- 
ance of  this  wire  was  11.6  times  that  of  copper  of  equal  cross-section. 
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Tlie  diameters  of  these  iron  and  steel  wires  would,  therefore,  be 
from  2.7  to  3.4  times  those  of  copper  of  equal  conductivity. 

Cables. 
Copper  cable  made  up  of  several  strands  has  the  advantage  of 
using  smaller  wires  than  a  solid  conductor  and  also  permits  of 
longer  lengths  of  conductor  without  splices.  Assuming  a  300-lb. 
wire  bar,  a  19-strand  cable  for  example  can  be  made  up  weighing 
5700  lbs.  while  if  solid  wire  were  used  the  weight  of  one  piece  would 
be  300  lbs.  In  other  words,  there  would  be  19  times  as  many 
joints  with  the  solid  wire  as  with  the  19-strand  cable.    The  smaller 
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the  wire  and  the  greater  the  strength  the  more  brittle  it  becomes. 
This  is  partially  compensated  for  by  the  greater  flexibility  of  a 
cable  and  the  fact  that  a  strand  can  break  without  the  whole  con- 
ductor parting. 

Each  strand  should  be  a  continuous  wire  without  joints.  Joints 
in  the  cable  should  be  as  few  as  possible  and  made  by  means  of 
twisted  sleeves,  as  brazing  or  soldering  anneals  the  wire  and  much 
reduces  its  strength. 

In  Fig.  10,  A  is  the  curve  of  a  copper  cable  made  up  of  6-strand 
.168-in.  diameter  wire  on  a  hemp  center  with  three  and  one-half 
twists  per  foot.  B  on  the  same  sheet  is  the  diagram  of  one  of  the 
strands  of  which  this  cable  is  composed.    It  will  be  noted  that  the 
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cable  liad  but  90  per  cent  of  tlje  strength  of  the  strand  but  a  much 
higher  elasticity  and  elongation. 

The  center  wire  of  seven  strand  cables  broke  before  the  outer 
strands  showing  that  it  takes  the  strain  before  the  other  strands  on 
account  of  its  less  elasticity.  The  outer  strands  are  longer  and  to 
a  limited  extent  may  be  considered  as  spiral  springs.  It  will  be 
noted  that  the  cable  is  more  elastic  than  the  solid  strand  which 
is  a  desirable  characteristic  in  long  spans,  as  will  be  shown  later. 

Fig.  11  shows  the  curve  of  a  galvanized  seven-strand  crucible 
steel  cable  similar  to  the  strands  shown  in  Figs.  9  and  10. 
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It  will  be  noted  that  the  strength  of  the  cable  is  but  three-quar- 
ters of  that  of  the  strands. 

The  most  serious  objection  to  the  use  of  iron  or  steel  wire  is  that 
the  galvanizing  only  protects  the  wire  for  a  few  years  and  it  is, 
therefore,  less  permanent  than  copper. 


Elasticity. 

The  elasticity  of  the  conductor  is  of  considerable  value  in  re- 
ducing the  sag  when  the  stress  is  removed.  The  elongation  of  the 
wire  under  stress  is  less  after  it  has  once  been  stretched.  The  elas- 
ticity of  cable  is  greater  than  that  of  solid  wire,  but  both  wire  and 
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cable  take  a  set  under  an}'  stress  to  which  tliey  may  be  subjected. 
In  the  following  table  is  given  the  average  modulus  of  elasticity 
found  for  copper,  aluminum,  iron  and  steel  wire  and  cable : 

Copper  hard-drawn  wire 16,000,000 

Copper  hard-drawn  cable 12,000,000 

Aluminum  hard-drawn  wire 10,000,000 

Aluminum  hard-drawn  cable 7,500,000 

Iron  galvanized  wire 24,000,000 

Steel  galvanized  wire 27,000,000 

Iron  and  steel  cable 22,000,000 

Each  sample  was  stretched  to  a  point  somewhat  below  its  elastic 
limit  before  testing.  It  will  be  noted  that  cable  is  considerably  more 
elastic  than  the  solid  wire.  The  stress  and  strain  diagrams  show 
this.  Aluminum  is  considerably  more  elastic  and  has  a  decided 
advantage  over  copper  in  this  respect.  Iron  and  steel  are  less 
elastic  than  either  copper  or  aluminum. 

Coefficients  of  Expansion. 

The  coefficients  of  expansion  for  Fahrenheit  degrees  are  as 
follows : 

Copper 0.000,009,6 

Aluminum 0.000.012,8 

Steel 0.000,006,4 

As  tlie  worst  condition,  so  far  as  sag  is  concerned,  is  reached 
when  the  conductor  is  hot,  a  low  temperature  expansion  is  most 
desirable  for  long  spans,  and  steel  is  in  this  respect  better  than 
either  copper  or  aluminum. 

Weight  of  Conductors. 

The  relative  weight  of  conductors  of  different  metals  for  equal 
conductivity  of  course  depends  upon  their  conductivity  for  equal 
cross-section  and  their  specific  gravity. 

Iron  and  steel  weigh  about  86  per  cent  and  aluminum  30  per 
cent  as  much  as  copper  of  equal  cross-section. 

The  electrical  resistance  of  iron  and  steel  varies  from  7  to  12 
times,  and  that  of  aluminum  is  60  per  cent  more  than  that  of  cop- 
per. In  order  to  obtain  any  given  conductivity  it  is  necessary  to  pur- 
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chase  from  6  to  11  times  as  much  iron  or  steel  and  but  one-half  as 
much  aluminum.  At  present  prices  of  wire,  copper  is  cheaper  than 
iron  or  steel.  If  other  things  besides  weight  were  equal,  aluminum 
would  be  the  best  conductor  for  long  spans,  as  its  tensile  strength 
for  equal  weight  is  greater  than  that  of  copper  or  iron  wire,  but 
less  than  that  of  steel.  In  addition  to  carrying  its  own  weight,  a 
conductor  must  also  in  a  cold  climate  be  able  to  bear  the  ice  which 
may  accumulate  upon  it  in  sleet  storms. 

The  writer  has  assumed  that  from  1/2  to  1  in.  of  ice  may  cover 
the  surface  of  the  wire.  In  addition,  the  effect  of  wind  must  be 
considered,  not  only  upon  the  conductor  alone  but  also  on  the  ice 
which  may  be  on  the  wire.  Wliere  a  large  amount  of  power  is 
being  transmitted  considerable  energy  is  dissipated  in  the  con- 
ductor and  the  temperature  of  the  wire  will  be  kept  above  that  of 
the  atmosphere  and  sleet  will  not  form  on  the  conductor. 

Wind  Peessuee. 

The  greatest  stress  in  the  wire  is  caused  by  wind  pressure.  This 
is  generally  assumed  in  engineering  structures  to  be  40  lbs.  to 
50  lbs.  per  sq.  ft.  or  flat  surface  with  a  wind  velocity  of  100 
miles  per  hour.  Forty  pounds  is  undoubtedly  ample  to  allow  for, 
as  higher  pressures  are  only  obtained  on  limited  areas  and  the 
average  pressure  on  a  long  span  would  be  much  less  than  the  maxi- 
mum. It  is  also  improbable  that  the  highest  wind  would  be  ex- 
actly at  right  angles  to  the  line.  Ice  on  the  wire  will  also  break 
oif  more  or  less  with  high  winds.  Small  conductors  suffer  more 
from  wind  and  sleet  than  larger  ones,  as  the  exposed  surface  varies 
directly  as  the  diameter,  while  the  cross-section  and,  consequently, 
the  strength  increases  as  the  square  of  the  diameter.  A  given  thick- 
ness of  ice  on  a  wire  is  evidently  a  heavier  load  on  a  small  than  on 
a  large  wire.  It  is,  therefore,  most  undesirable  to  employ  small 
conductors  for  power  transmission.  On  a  cylindrical  surface  a 
given  wind  velocity  only  causes  half  the  pressure  that  it  does  on 
a  flat  surface,  so  that  the  maximum  pressure  on  a  conductor  can 
be  taken  at  20  lbs.  per  sq.  ft.  The  less  the  diameter  of  a  conductor 
for  a  given  conductivity  the  better,  so  far  as  wind  strains  are 
concerned. 

As  aluminum  wire  must  be  27  per  cent  greater  in  diameter  and 
'  iron  and  steel  from  2.5  to  3.5  times  the  diameter  of  copper,  they 
compare  unfavorably  with  the  latter  in  this  respect. 
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Span  and  Sag. 

In  calculating  the  sag  in  a  conductor  for  any  span,  the  maximum 
stress  which  can  be  permitted  in  the  wire  must  first  be  assumed. 
This  should  be  the  elastic  limit  of  the  wire  with  a  factor  of  safety. 
The  maximum  side  strain  per  foot  of  conductor  is  the  resultant 
of  the  weight  and  wind  pressure  which  are  at  right  angles  to  each 
other.  If  there  is  sleet,  the  weight  of  tlie  ice  and  the  wind  effect 
upon  the  increased  diameter  of  wire  due  to  ice  must  be  allowed  for. 

The  maximum  sag  may  be  due  to  the  conductor  being  loaded  with 
sleet  or  to  heating  of  the  wire  in  a  hot  sun.  The  latter  will  gen- 
erally be  found  to  give  the  greater  sag.  Owing  to  the  conductor 
being  elastic,  it  is  not  necessary  to  consider  the  greatest  deflection 
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from  a  horizontal  line  between  supports  as  the  vertical  sag  of  the 
wire.  The  wind  pressure  causes  the  wire  to  swing  to  one  side,  and 
it  is  elongated  by  the  combined  strain  of  wind  and  weight;  but  as 
soon  as  it  is  relieved  of  the  wind  pressure  it  swings  back  to  a  verti- 
cal position  and  contracts  to  the  length  required  to  carry  its  weight 
alone.  The  sag  due  to  heating  of  the  wire  is  also  somewhat  less 
than  it  otherwise  would  be,  because  when  expanded  the  strain  is 
less  and  the  wire  contracts. 

The  extreme  variation  of  temperature  of  the  air  in  cold  climates 
is  about  150  deg.  F.,  while  further  south  it  does  not  exceed  100 
deg.  F.    To  this  must  be  added  something  for  a  conductor  exposed 
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to  a  hot  sun.  There  is  no  data  upon  this,  but  a  total  variation  in 
the  temperature  of  the  conductor  of  175  deg.  F.  should  be  suffi- 
cient in  any  country. 

Curves  of   Span   and   Sag. 

The  attached  curves  of  span  and  sag  are  taken  from  a  paper 
presented  by  the  writer  before  the  American  Institute  of  Electrical 
Engineers  on  June  22,  1904,  as  are  also  the  following  calculations : 

The  curves  in  Figs.  12  and  13  show  the  span  and  maximum  sag 
of  copper  and  aluminum  cables  at  the  elastic  limit  and  also  at 
one-half  the  elastic  limit.    They  do  not  allow  for  ice  on  the  wires 
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and  are  of  value  only  for  the  particular  diameter  of  conductor,  and 
under  the  conditions  and  data  assumed  wliich  are  as  follows : 

Aluminum.  Copper. 

Area  6-strand  cable 0 .  21  sq.  in.  0 .  132  sq.  in. 

Diameter  6-strand  cable 0.59  in.  0.51  in. 

Weight  per  foot 0.240  1b.  0.509  ft). 

Elastic  limit 14,000  lb.  40,000  lb. 

Stress  at  1/2  elastic  limit 1470  lb.  2640  lb. 

Stress  at  elastic  limit 2940  lb.  5280  ft. 

Wind  pressure  per  sq.  f t 40  lb.  40  lb. 

Wind  pressure  per  ft.  cable 0 .  98  lb.  0 .  84  ft. 
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Coefficient  of  expansion 0.000,013  0.000,009,6 

Variation  in   temperature    150°  F.  150°  F. 

Modulus  of  elasticity   8,000,000  16,000,000 

The  equations  from  which  the  curves  were  calculated  are  given 
below  and  alongside  of  them  is  an  example  of  a  1000-ft.  copper 
span. 

D  =    ^^  X  ^^—    1000''   X  0.98  _  4^  4  f  j; 
8  T  8X2640 

In  which   D  =  deflection  in  ft. 
S  =  span  in  ft. 

IF  =  resultant  of  weight  and  wind  in  lb.  per  ft.  of  cable, 
and  T  =  stress  allowed  in  cable  in  lbs. 

L  =  S+  ^^   =  1000+ I^^IM' =  1005.74  ft. 
S  iS  3  X  1000 

In  which  L  =  length  of  cable,  cold. 

^   '    ^  "^    16,000,000 

In  which  1^0=:  length  of  cable  without  stress, 

F  =  lb.  per  sq.  in.  permitted  in  cable, 
and  E  =  modulus  of  elasticity. 

Ljj=Lo(l+C5)=l 004.38  (1+0.000,000,9X150)=1005.81  ft. 
In  which  Ij^^=  length  of  cable,hot(150  deg. F.rise  in  temperature), 

C  =  coefficient  of  expansion, 
and  B  =  maximum  degrees  F.  rise  in  temperature. 


Q4BA 


3X1000       o^_,00,.8l)  J,  ^  3X10003X1005.81    W 
^8  64X16,000,000X0.132 

Z>3_2178.7  D  =  22,323  W. 
In  which  A  =  area  of  cable. 

From  this  equation  any  deflection  of  the  cable  can  be  assumed 
and  the  corresponding  weight  calculated.  For  instance,  in  the  ex- 
ample if  P  =  48.8  ft.,  TF=0.51  lb.;  that  is  the  sag  hot,  without 
wind,  is  48.8  ft.,  which  is  the  maximum  vertical  deflection  under 
the  conditions  assumed. 

If  X)  =  51.1  ft.,  F  =  0.98  lb.  which  is  the  maximum  deflection 
with  wind  but  this  is  at  an  angle  of  31  deg.  from  the  horizontal  and 
the  vertical  sag  is  only  26.6  ft. 
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Discussion. 

Chairman  Scott:  We  are  fortunate  in  having  with  us  Mr.  Eobert 
Kaye  Gray,  President  of  the  British  Institution  of  Electrical  Engineers, 
and  as  I  believe  this  is  in  his  professional  line,  we  will  be  very  pleased 
to  have  him  open  the  discussion. 

President  Gray:  Well,  gentlemen,  in  talking  about  the  conductors  and 
the  use  of  aluminum,  we  have,  as  you  are  all  aware,  not  very  much  ex- 
perience in  England,  but  after  hearing  what  Mr.  Buck  has  said,  I  think 
that  there  is  one  point  of  very  considerable  interest  and  that  is  with  respect 
to  the  joint.  I  understood  he  is  employing  the  stranded  ca'nle,  but  I  did 
noL  catch  very  clearly  the  manner  in  which  the  two  ends  were  lined  and 
joined  together.  Is  the  strand  a  7-strand  or  a  19-strand?  And  do  you 
make  a  long  splice?  I  do  not  want  to  ask  anything  that  you  do  not  feel 
at  liberty  to  tell  us. 

Mr.  Buck:  11  is  a  19-strand.  Each  strand  is  wound  around  the  core 
separately. 

President  Gray:  I  am  very  much  obliged  to  Mr.  Buck  for  this  informa- 
tion. Your  description  has  been  exceedingly  clear,  and  I  cannot  add  any- 
thing to  the  discussion. 

Chairman  Scott:  Mr.  Buck's  paper  is  valuable  for  two  points.  One  is 
the  comprehensive  statement  he  has  given  regarding  the  characteristics 
and  use  of  aluminum  conductors;  the  second  is  the  valuable  data  which  he 
has  given  from  the  beautiful  and  extensive  tests  which  he  has  made.  I 
regard  his  contribution  as  one  of  very  considerable  engineering  value. 
He  has  set  an  excellent  example  in  taking  this  problem,  which  has  been 
so  much  discussed,  and  evolving  a  very  simple  and  direct  way  of  getting 
the  very  valuable  data  which  are  required.  We  have  with  us  this  morn- 
ing, in  addition,  gentlemen  who  are  connected  with  the  manufacture  of 
aluminum  and  aluminum  wire,  and  engineers  who  have  been  using  alumi- 
num conductors  in  their  work  in  the  West;  also  other  engineers  who  have 
given  the  matter  general  consideration. 

Mr.  P.  N.  NuNX :  It  seems  to  be  generally  understood  that  the  deflections 
of  aluminum  conductors  are  greater  than  those  of  copper.  This  is  not  usually 
true.  While  the  coefficient  of  expansion  of  aluminum  is  greater  than  that 
of  copper,  so  also  is  its  elasticity,  and  these  two  factors  of  deflection  work 
oppositely.  Moreover,  the  difference  in  elasticity  is  greater  than  that  in 
expansion.  If  the  commercial  aluminum  wire  now  used,  and  medium 
d^a^^^l  copper^  be  erected  sufficiently  tight  so  that  at  minimum  temperature 
the  respective  tensions  slightly  exceed  the  elastic  limits,  then  the  conduc- 
tors will  slightly  "  draw  "  without  apparent  injury,  and  minimum  feasible 
deflections  will  at  all  times  be  secured.  A  range  of  temperature  greater 
than  120°  or  130°F.  is  seldom  found  at  more  than  a  few  successive  spans. 
Under  these  conditions,  the  deflections  of  aluminum  in  even  short  spans, 
at  moderate  temperatures,  will  be  less  than  those  of  copper,  while  in 
spans  of  over  200  feet,  they  will  be  less  at  all  temperatures. 

Mr.  Buck:  In  regard  to  the  question  of  taking  into  consideration  the 
modulus  of  electricity  and  the  coefficient  of  expansion,  I  want  to  say  that 
they  were  both  included  in  these  calculations,  and  if  we  have  any  confi- 
dence in  mathematics,  there  is  no  reason  to  doubt  that  the  deflection  of 
aluminum  will  be  greater  than  for  copper  at  the  hypothetical  high  tern- 
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perafure  of  150°  Fahrenheit.  If  you  do  not  include  wind  pressure, 
aluminum  starts  with  a  very  much  lower  initial  deflection  at  minimum 
temperatures;  but  as  the  temperature  rises,  the  aluminum  overtakes  the 
copper  and  passes  it;  so  that  at  the  highest  temperature  the  deflection  is 
considerably  more. 

Mr.  P.  M.  Lincoln:  I  think  possibly  there  is  one  element  which  has  not 
been  taken  into  consideration  in  either  Mr.  Nunn's  discussion  or  ]\[r. 
Buck's,  and  that  is  that  the  supports  in  any  transmission  line  are  not 
absolutely  rigid;  they  are  flexible  to  a  considerable  extent;  and  as  the 
tension  decreases  by  elevation  of  temperature,  this  elasticity  of  the  sup- 
ports will  come  in  and  take  up  a  considerable  portion  of  the  sag  whicli 
would  otherwise  occur.  That  possibly  may  be  the  reason  for  ]\Ir.  Nunn 
having  noted  a  smaller  sag  with  aluminum  than  with  copper.  There  is 
one  question  which  I  would  like  to  ask  in  regard  to  Mr.  Buck's  paper,  and 
that  is  what  causes  this  difference  between  indicated  wind  velocities  and 
actual  wind  velocities?  I  did  not  realize  that  such  a  large  diflference 
obtained. 

Mr.  Buck  :  The  Government  anemometer,  as  you  know,  is  made  of  a 
series  of  cups.  One  side  of  each  cup  is  convex  and  the  other  concave.  The 
concave  side  offers  more  resistance  than  the  convex;  so  that  the  anemom- 
eter rotates  in  that  direction.  At  low  wind  velocities  the  relation  be- 
tween those  two  resistances  has  a  certain  value.  As  the  wind  velocity  in- 
creases, that  relation  changes;  so  that  the  an.<?mometer  rotates  faster,  re- 
latively, at  high  wind  velocities  than  it  does  at  low  velocities  and  the 
correction  factor  increases.  Why  it  does  is  a  physical  matter,  that  T 
will  not  venture  to  explain. 

Mr.  R.  S.  Hutton:  About  everything  that  Mr.  Buck  has  brought  out 
we  find  quite  true  out  on  the  Coast.  Of  late  we  have  been  going  to  the 
long-span  proposition.  Most  of  our  transmission  lines  run  through  a 
mountainous  country  and  we  cross  some  very  deep  gulleys.  These  have 
given  us  excellent  opportunities  to  try  long  spans,  and  we  have  some, 
of  aluminum  wire,  as  great  as  1800  feet.  At  first  it  was  thought  that  we 
would  have  to  give  the  wires  very  great  separation.  We  started  in,  how- 
ever, with  a  medium  spread  of  wires,  and  found  that  during  the  wind 
storms,  owing  to  the  great  weight  of  these  spans,  and  the  low  periodicity 
of  the  natural  vibration,  they  all  swing  together,  so  that  they  are  prac- 
tically parallel  at  all  times.  It  therefore  appears  that  there  is  very  little 
possibility  of  their  ever  crossing  in  a  wind  storm,  and  we  have  yet  to 
experience  a  single  case  where  any  of  our  long  spans  have  ever  crossed 
in  a  wind  storm,  and  we  have  had  some  as  high  as  72  miles  an  hour, 
according  to  the  records  of  the  Weather  Bureau. 

Chairman  Scott:  The  element  in  a  transmission  line  which  is  next 
in  importance  to  the  conductor,  is  the  insulator.  There  is  probably  no 
element  in  the  general  branch  of  high-tension  transmission  upon  which 
more  is  involved,  and  upon  which  more  depends  and,  on  the  other  hand, 
to  which  more  attention  has  been  given  and  a  greater  variety  of  product 
has  been  produced  than  in  high-tension  insulators.  One  of  the  men  who 
has  had  to  do  with  high-tension  work  in  some  of  the  earliest  and  most 
important  high-tension  plants  and  has  made  a  special  study  of  the  in- 
sulator, is  Mr.  Converse,  who  will  now  present  a  paper  on  that  subject. 


HIGH-TENSIOX  IXSULATOES. 


BY  V.  G.  CONVERSE. 


It  is  only  14  years  since  3,000  volts  was  considered  a  very  high 
tension,  and  the  success  of  a  transmission  at  this  tension  was  looked 
upon  with  far  more  skepticism  than  we  attach  to  one  of  80,000 
volts  at  the  present  time.  As  the  steps  in  high  tension  have  been 
made  with  the  increasing  use  of  alternating  currents,  and  as  alter- 
nating-current power  transmission  dates  back  but  the  14  years 
mentioned,  the  province  of  this  paper  may  then  be  considered  to 
be  within  these  limits. 

It  is  a  little  difficult  to  trace  the  early  stages  in  the  development 
of  the  high-tension  insulator.  Undoubtedly  the  first  forms  were 
copied  from  insulators  used  for  telegraph  and  telephone  work. 
Certain  it  is  that  the  same  styles  of  insulators  were  proposed,  and 
the  same  theories  were  advanced.  As  the  tension  or  voltage  in- 
creased, the  insulators  were  made  larger  and  had  various  petticoats 
in  order  to  prevent  the  leakage  of  current.  Since  it  was  found 
in  telegraph  work  that  if  the  surface  of  the  material  of  the  insu- 
lators was  hygroscopic  there  was  difficulty  in  transmitting  the  mes- 
sage, the  materials  of  high-tension  insulators  were  very  carefully 
considered,  in  order  that  this  dangerous  hygroscopic  condition 
might  not  so  reduce  the  effectiveness  of  the  insulator  that  vital 
quantities  of  current  would  leak  over  the  surface.  The  same  con- 
structions for  cross-arms,  pins,  and  the  securing  of  insulators, 
adopted  by  the  telegraph  and  telephone  companies,  were  appro- 
priated for  power  transmissions,  and  until  a  few  years  ago  the  aim 
has  been  to  use  such  details  of  construction  as  had  become  standard 
and  thus  could  be  easily  obtained. 

Glass  and  porcelain  are  the  only  materials  which  have  been  used 
extensively  for  high-tension  insulators,  although  many  other  ma- 
terials and  compositions  have  been  proposed  and  tried.  At  times 
it  has  seemed  as  if  one  possessed  qualities  of  decided  advantage 
over  the  other,  but  a  better  understanding  of  the  requirements, 
or  an  improvement  in  the  method  of  manufacture,  has  brought 
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the  other  to  an  apparently  equal  hasis,  so  that  from  the  first  we 
have  had  glass  insulators  and  porcelain  insulators,  and  even  com- 
binations of  glass  and  porcelain. 

The  commercial  success  of  high-tension  transmissions  having 
been  until  late  years  in  doubt,  developments  of  insulators  have  been 
in  the  improvement  in  form  and  materials,  no  radical  changes  in 
construction  being  ventured,  yet  every  engineer  has  had  his  own 
ideas  regarding  the  details  of  construction.  It  would  seem  as  if 
almost  every  engineer  who  has  had  the  opportunity  of  exploiting 
his  ideas  has  done  so.  As  a  result,  we  have  had  at  various  times 
insulators  with  gutters  and  spouts,  insulators  in  the  form  of  hel- 
mets, some  with  drip  points,  and  others  with  every  conceivable  form 
and  combination  of  petticoats.  The  situation  has  been  further  com- 
plicated by  a  variety  of  ties  for  securing  the  line  to  the  insulator, 
pins  of  wood  and  of  iron,  various  threads  for  securing  the  insulator 
to  the  pin,  and  even  by  a  wide  range  of  colors  of  material.  It  is 
little  wonder  that  the  manufacturer  of  porcelain  or  glass  who  was 
skilled  in  the  art  of  making  table-ware  and  various  other  utensils, 
and  perhaps  telegraph  insulators,  has  hesitated  when  confronted 
by  the  requirements  of  the  up-to-date  high-tension  engineer. 

Now  it  should  be  stated  to  the  credit  of  the  manufacturer  that 
the  arts  of  making  porcelain  and  glass,  which  have  descended  to 
us  from  periods  antedating  the  Christian  era,  had  reached  a  cer- 
tain stage  of  perfection.  Strong  and  beautiful  and  satisfactory 
wares  were  made,  but  here  was  a  new  requirement.  The  material 
of  the  insulators  must  be  strong  to  withstand  mechanical  strains, 
and  it  must  also  withstand  the  unseen  and  unknown  electrical 
forces  which  tend  to  break  it  and  render  the  insulators  usaless. 
The  improvements  which  have  been  made  in  glass  have  been 
in  the  direction  of  strengthening  the  quality  in  order  to  pro- 
tect against  mechanical  breakage,  the  structure  of  glass  already 
suiting  electrical  conditions  very  well.  The  improvements  in 
porcelain,  which  have  been  in  the  direction  of  strengthening  the 
body  of  the  material  to  resist  electrical  puncture,  have  been  inter- 
esting and  are  noteworthy.  From  porcelains,  which  were  first 
furnished  for  insulators  and  would  stand  but  a  few  thousand  volts 
— perhaps  these  few  thousand  volts  going  farther  through  the  body 
of  the  porcelain  than  if  no  material  whatever  were  interposed — 
the  advance  has  been  in  the  line  of  obtaining  a  more  homo- 
geneous, refractory  and  vitreous  grade  of  material  which  is  strong 
in  resisting  electrical  breakage.     Of  recent  years  the  combining 
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of    layers    of    this    high-grade    electrical    porcelain    has    further 
strengthened  the  body  of  the  insulator. 

But  let  us  trace  directly  the  forms  of  insulators  which  have 
been  used.  In  1890,  the  first  alternating-current  power  transmis- 
sion in  the  United  States  used  for  3,000  volts  a  glass  insulator 
of  the  form  shown  in  Fig.  1.     This  is  an  insulator  such  as  is 


Fig.  1.     Telegraph  Insl'latob. 

commonly  used  by  the  telegraph  companies,  and  is  only  about 
3  in.  in  diameter.  In  spite  of  the  predictions  that  the  insulator 
would  not  suffice,  the  plant  continued  in  operation  for  six  years 
without  insulator  troubles. 

For  the  famous  Frankfort-Lauffen  transmission  experiments  in 
Germany  in  1891,  a  porcelain  insulator  with  an  oil  cup  was  used. 
No  definite  information  as  to  the  exact  shape  of  this  insulator 
is  at  hand,  but  the  principle  was  probably  not  unlike  that  of  the 
insulator  shown  in  Fig.  2.     Voltages  as  high  as  28,000  to  30,000 


Fig.  2.  Oil  Cup   Insulator. 

were  used  in  these  experiments  for  a  limited  time.  Insulators 
with  oil  cups  of  various  forms  appeared  very  shortly  afterwards 
in  England  and  the  United  States.  If  the  insulator  was  of  glass, 
the  outer  petticoat  was  usually  curved  inward  and  up,  so  as  to  form 
an  internal  groove  which  would  hold  oil.  A  common  form  for 
porcelain  insulators  was  to  bring  down  a  petticoat  from  the  body 
of  the  insulator  which  would  dip  into  a  cup  of  oil,  the  cup  being 
made  in  a  circular  form  and  held  in  place  around  the  pin  by  a 
support  on  the  pin.  Insulators  with  detachable  oil  cups  were 
supplied  for  the  10,000-volt  transmission  at  Pomona  and  San 
Bernardino,  Calif.,  started  in  1892.  The  oil  cups  were  not  used, 
however,  as  they  were  found  to  be  unnecessary. 
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Insulators  without  oil  cups  being  equally  effective  as  those  with 
oil  cups,  a  form  similar  to  that  shown  in  Fig.  3,  made  of  either 


Fig.  3.    Teiple-Petticoat  Insulatob. 

glass  or  porcelain  came  into  use.  Here  the  idea  was  to  impede 
the  leakage  of  current  over  the  surface  by  introducing  petticoats 
which  gave  a  very  long  surface  between  the  conductor  and  the 
pin.     Some  insulators  had  as  many  as  four  or  five  such  petticoats. 

No  further  increase  in  voltage  is  noted  until  1895,  when  we  find 
the  Hochfelden-Oerlikon  transmission  in  Switzerland  at  13,000 
volts.  In  1897  we  had  transmissions  in  the  United  States  at 
16,000  volts. 

About  this  time  it  was  found  that  porcelain  insulators  which 
had  been  formed  and  pressed  in  iron  moulds  had  not  a  sufficiently 
compact  or  homogeneous  structure  and  were  apt  to  be  punctured 
in  service.  A  study  of  the  matter  showed  that  really  the  only 
effective  dielectric  insulation  of  the  porcelain  was  contained  in 
the  glaze  over  the  surface  of  the  porcelain.  In  some  cases  it  was 
found  that  the  interior  body  of  the  porcelain  insulator  would 
actually  absorb  and  hold  a  considerable  quantity  of  water.  The 
manufacture  of  porcelain  was  then  studied  with  a  view  to  over- 
coming these  difficulties.  The  method  was  resorted  to  of  making 
the  insulator  in  several  thin  shells  which  were  glazed  separately 


Pig.  4,   "  Glaze-Fiixed  "  Ixsltlatob. 


and  then  glazed  and  fired  together,  the  potter's  wheel  being  re- 
verted to  in  order  to  make  the  shells  of  sufficient  compactness. 
This  construction  is  shown  in  Fig.  4.  It  will  be  noted  that  a 
petticoat  is  here  extended  down  for  a  distance  over  the  pin  for 
the  purpose  of  further  insulating  from  the  pin.     Attempts  had 
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been  made  heretofore  to  extend  a  petticoat  down  around  the  pin, 
but  when  the  insulator  was  made  in  a  mould  no  such  long  petti- 
coat could  be  made  as  was  now  possible  with  the  insulator  made 
in  several  parts. 

In  1898  we  have  the  first  commercial  very  high  voltage  plant 
in  operation  in  the  United  States,  at  Provo,  Utah.  This  trans- 
mission is  at  40,000  volts.     The  insulator  used  is  of  glass,  shown 


Fig.  5.     Pkovo   Insulator. 
in  Fig.  5.     This  insulator  has  outwardly  extending  petticoats,  the 
purpose  of  these  petticoats  being  to  provide  unexposed  surfaces 
near  the  wire  in  order  to  prevent  surface  leakage. 

In  1900  the  demands  of  the  Bay  Counties  and  Standard  Elec- 
tric Companies  of  California,  for  60,000  volts,  made  necessary  a 
very  much  larger  insulator  than  had  ever  been  made  before,  shown 


¥iQ.  6.   Bay  Counties  and  Standard  Electric  "Mushroom"  Type. 

in  Fig.  6.  In  this  insulator  the  outer  petticoat  is  carried  out 
almost  horizontally,  and  a  giUter  is  formed  on  the  top  near  the 
edge  of  the  petticoat  to  conduct  water  away  from  the  cross-arm. 
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ITie  top  piece  of  this  insulator  was  originally  of  porcelain,  and 
the  petticoat  around  the  pin,  which  now  amounts  to  a  sleeve  ex- 
tending down  the  whole  length  of  the  pin,  was  of  glass,  the  glass 
and  porcelain  being  secured  together  by  sulphur  at  first  and  then 
cement.  This  type  of  insulator  has  been  commonly  designated 
the  "  mushroom "  type,  from  its  appearance. 

A  modification  of  the  outwardly  extending  petticoat  idea  is  seen 
in  the  insulator  shown  in  Fig.  7.     This  form  has  had  a  limited  use. 

While  the  insulators  enumerated  have  been  referred  to  in  order 
to  show  the  successive  steps  in  the  development  of  the  present 
highest- tension  insulators,  it  must  not  be  understood  that  such 
insulators  are  not  still  in  use.  On  the  contrary,  with  the  excep- 
tion of  the  oil  insulator,  all  of  these  types  and  many  others  possess- 


Fig.  7.     Niagara  Type  Insulatob, 

ing  the  same  essential  characteristics,  are  in  service,  at  the  various 
voltages  for  which  they  have  been  found  adapted.  Even  the  tele- 
graph insulator  shown  in  Fig.  1  has  shown  good  service  in  certain 
localities  at  voltages  as  high  as  10,000. 

Insulators  of  the  types  shown  in  Figs.  3,  4,  5  and  6  are  in  use  for 
voltages  as  high  as  40,000.  In  various  sizes  these  same  insulators 
are  used  for  all  intermediate  voltages  up  to  40,000.  Types  shown 
in  Figs.  5  and  6  are  in  use  in  a  few  cases  at  45,000  volts.  Some  of 
these  insulators  have  given  good  service  from  the  first,  while  others 
have  failed.  It  is  believed  that  the  failures  have  been  largely  due  to 
faulty  material.  In  some  cases  it  has  been  necessary  to  replace  a 
whole  equipment  of  insulators  because  of  their  faulty  construction ; 
in  other  cases  a  gradual  weeding  out  has  been  necessary  until  the 
faulty  insulators  were  removed.  Occasionally  we  hear  of  a  plant 
operating  where  there  has  been  almost  no  trouble  with  insulators, 
except  with  such  as  have  been  broken  by  outside  interference.  In 
general,  it  is  believed  the  feeling  exists  that  the  line  insulator 
Vol.  11  —  23 


354 


COXVERSE:     niGH-TEXSION  INSULATORS. 


problem   for  voltages  as  high  as  40,000  has  been  satisfactorily 
solved. 

We   are   now   to   the   point   of   considering   the   very   highest- 
voltage   insulators — those   which    are   in   use   for   voltages   from 


Fig.  8.    Missoubi-River  Insulatob. 

50,000  to  60,000.  Fig.  8  shows  a  glass  insulator  used  by  the 
Missouri  Eiver  Power  Company  in  Montana,  for  55,000  volts. 
This    insulator    has    been    in    service    since    1901.      The  iusu- 


FiG.  9.    Shawinigan-Falls  Insuuvtob. 

latoT    is    in    two    parts,  one    a    hood    9    in.    in    diameter,  and 
the  other  a  sleeve  set  over  the  pin.     The  sleeve,  which  is  oi)eii  at 
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the  top,  adds  nothing  to  the  dioloctric  strength  of  the  insulator, 
its  purpose  being  to  protect  the  wooden  pin.  Obviously  the  sleeve 
would  be  of  little  value  if  a  metal  pin  were  used.  This  type  of 
insulator  possesses  the  advantage  of  being  in  two  parts  which  are 
separable,  either  of  which  can  be  replaced  if  broken. 

The  insulator  used  for  the  50,000-volt  transmission  at  Shaw- 
inigan  Falls,  Que.,  is  shown  in  Fig.  9.  This  is  of  porcelain  and 
made  in  sections.  Each  section  has  a  closed  top  and  adds  to  the 
■dielectric  strength  of  the  insulator.  Two  petticoats,  one  9  in. 
and  the  other  10  in.  in  diameter,  extend  outward  and  give  the 
effect  of  one  insulator  over  another.  One  section  extends  down 
around  the  wooden  pin  and  serves  to  protect  the  pin.  The  sec- 
tions are  held  together  with  Portland  cement.      This  insulator 


Fig.  10.     GuAXAjuATO  Insxilatgr. 

shows  the  combination  of  the  sleeve  around  the  pin,  outwardly 
extending  petticoats  and  of  sections,  as  first  indicated  in  Figs. 
4  and  5. 

Fig.  10  shows  a  very  large  and  extended  form  of  the  mushroom 
type,  which  has  recently  been  put  into  use  on  the  60,000-volt 
transmission  at  Guanajuato,  Mexico.  The  top  section  is  14  in. 
in  diameter.  The  sections  are  secured  together  with  Portland 
cement,  and  the  whole  is  cemented  to  a  hollow  metal  pin. 
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For  several  transmissions  under  construction  for  voltages  be- 
tween 50,000  and  60,000,  the  insulator  shown  in  Fig.  11  has  been 
adopted.  Some  of  these  insulators  exceed  14  in.  in  diameter  and 
weigh  as  much  as  25  pounds. 

Abroad,  insulators  are  used  which  are  similar  to  those  used  in 
this  country.  It  is  probable,  however,  that  they  have  not  been 
made  in  such  large  sizes,  also  that  corresponding  sizes  are  used 
for  lower  voltages. 

The  present  highest-voltage  insulators,  then,  of  which  the  writer 
knows,  and  which  may  be  considered  as  representing  the  most 


Fig.  11. 


Ttpe  Adopted  for  Several  Transmissions  Undeb  Constrxjo- 

TION. 


advanced  state  of  the  art  in  insulator  design  and  construction, 
are  represented  by  Figs.  8,  9,  10  and  11.  Whatever  advantage  one 
may  possess  over  the  others  will  doubtless  be  shown  in  course  of 
time. 

Compare  now  the  telegraph  insulator,  which  was  used  as  the 
first  high-tension  insulator,  with  these  large  ones.  Our  high- 
tension  insulator  has  grown .  with  increasing  voltages  from  one 
weighing  a  pound  or  two  to  one  weighing  25  pounds,  and  from 
3  in.  to  14  in.  in  diameter,  and  in  cost  from  a  few  cents  to  several 
dollars. 

We  naturally  begin  to  wonder  what  the  future  development  in 
insulators  will  be.  Will  they  continue  to  increase  in  size  and  in 
weight?     If  so,  we  can  easily  imagine  that  when  an  insulator 
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which  is  14  in.  in  diameter  and  weighing  25  lbs.  is  required  for 
60,000  volts,  80,000  volts  might  require  an  insulator  20  in.  in 
diameter  and  weighing  50  pounds.  Further  development  along 
this  line  brings  to  our  imagination  insulators  which  will  look  not 
unlike  Chinese  pagodas  and  weigh  perhaps  several  hundred  pounds, 
as  has  been  predicted. 

This  development  appears  ridiculous  when  we  consider  such 
structures  made  out  of  fragile  materials  like  glass  or  porcelain, 
yet  it  is  believed  that  much  higher  voltages  are  to  be  used  in  the 
future.  Even  now  we  find  one  company  in  the  United  States 
equipped  in  every  way,  except  the  insulators,  to  transmit  at  80,000 
volts.  We  note  also  that  the  largest  power  development  in  prog- 
ress of  construction  is  providing  to  receive  apparatus  for  80,000 
volts,  the  amount  of  power  in  this  case  being  so  large,  it  has  not 
been  considered  that  it  could  be  always  marketed  within  the  range 
of  territory  to  which  it  may  be  economically  transmitted  at  less 
than  80,000  volts. 

Another  factor  which  is  tending  to  make  insulators  heavier  is 
the  steel  tower  construction  for  supporting  the  lines.  This  con- 
struction means  longer  spans  and  hence  heavier  and  stronger  insu- 
lators. Some  relief  may  be  given  the  insulators  on  these  towers 
by  housing  them  over  to  protect  them  from  the  elements.  Some 
slight  advantage  may  also  be  gained  by  securing  the  wire  to  the 
under  portion  of  the  insulator,  rather  than  on  top  of  the  insulator, 
as  is  now  done. 

It  would  seem,  however,  that  the  trend  of  development  in  high- 
tension  tranmission  would  continue  along  the  lines  which  have 
become  established.  In  favor  of  the  further  increase  in  voltage,  it 
must  be  remembered  that  there  is  always  the  possibility  of  the  dis- 
covery of  some  new  insulating  material  which  is  superior  to  glass 
and  porcelain;  and  even  much  improvement  may  be  expected  in 
glass  and  porcelain  themselves.  While  a  remarkable  improvement 
has  been  made  in  the  dielectric  strength  of  porcelain,  it  is  only  at 
the  present  day  that  its  possibilities  are  beginning  to  be  realized. 
Likewise  with  glass  we  may  expect  a  complete  revolution  in  the 
method  of  manufacture,  the  art  of  making  glass  insulators  having 
been  given  less  thought,  and  is  probably  much  less  advanced  than 
the  art  of  making  porcelain  insulators. 

The  requirements  for  a  high-tension  insulator  may  be  enumer- 
ated as  follows : 
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1).  The  material  must  have  a  high  dielectric  strength;  in  other 
words,  it  must  be  strong  to  resist  puncture  by  the  current.  In 
order  to  fulfill  this  condition,  the  material  must  be  continuous, 
compact  and  homogeneous,  even  the  most  minute  crack  or  fracture 
being  a  weakness. 

2).  There  must  be  sufficient  resistance  over  the  surface  of  the 
insulator  so  that  there  will  be  no  considerable  conduction  or  leak- 
age of  current. 

3).  The  distance  around  the  insulator  between  the  wire  and  the 
pin  or  support  must  be  sufficient  to  prevent  the  current  from 
arcing. 

4).  The  second  and  third  requirements  are  dependent  upon  the 
shape  of  the  insulator.  Its  contour  must  be  such  that  there  will 
be  unexposed  surfaces  which  will  not  get  wet  or  accumulate  dirt, 
salt,  etc.,  as  these  materials  are  conducive  to  leakage  and  tend  to 
lessen  the  arcing  distance.  Evidently  the  requirements  which  are 
dependent  ujDon  climatic  conditions  vary  with  the  locality  in  which 
the  insulators  are  to  be  used.  If  in  a  country  which  is  not  sub- 
jected to  heavy  rains,  sleet  or  dust  storms,  the  insulator  may  per- 
haps be  smaller  than  an  insulator  required  in  a  locality  where  the 
climatic  conditions  are  severe.  Usually  a  larger  type  of  insulator 
is  required  for  the  same  voltage  in  a  cold  country  than  in  a  warmer 
climate.  This  may  explain  why  some  insulators  which  have  been 
very  satisfactory  under  a  given  voltage  in  one  locality  have  utterly 
failed  when  tried  at  the  same  voltage  in  another  place.  In  some 
localities,  particularly  on  the  Pacific  coast,  the  accumulation  of 
salt  is  so  great  from  the  so-called  salt  fogs  that  it  has  been  found 
necessary  to  have  the  unexposed  surfaces  rather  shallow  and  with 
few  petticoats  in  order  that  the  surfaces  be  readily  accessible  for 
periodical  cleaning. 

5).  The  shape  and  arrangement  of  the  petticoats  should  be  such 
that  the  electrostatic  capacity  of  the  insulator  will  be  small. 

6).  The  internal  heat  losses  from  conduction  and  hvsterisis 
should  not  be  such  as  to  appreciably  heat  the  insulator. 

7).  Mechanical  requirements,  such  as  strength,  mounting, 
method  of  fastening  the  wire,  color,  etc.,  are  in  general,  dependent 
upon  the  conditions  to  be  met. 

It  does  not  seem  as  if  details  like  gutters,  spouts,  drip  points 
and  the  like  can  be  considered  of  much  value.  They  are  features 
which  may  look  well  in  theory,  but  can  cut  little  figure  in  prac- 
tice.    Certainly  the  insulation  of  our  high-voltage  lines  is  more 
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dependent  upon  a  good,  strong  insulator  with  liberal  margins  of 
safety,  than  upon  such  refinements. 

The  following  tests  are  advised  in  order  to  determine  whether 
insulators  will  meet  the  requirements : 

1),  In  order  to  determine  dielectric  strength,  porcelain  insula- 
tors should  be  inverted,  with  their  heads  dipping  into  salt  water, 
the  solution  extending  well  over  the  head  of  the  insulator.  The 
hole  for  the  pin  should  also  be  filled  with  salt  water.  The  prede- 
termined voltage  for  testing  may  then  be  applied  to  the  two  salt 
solutions.  Usually  a  voltage  test  of  several  minutes  is  made.  The 
defective  insulators  will  be  punctured  in  this  manner.  If  the 
porcelain  insulators  are  made  in  several  sections,  the  purpose  of 
the  sections  being  to  obtain  greater  dielectric  strength,  then  thef 
sections  should  be  tested  individually  in  the  same  way.  When  the 
sections  are  cemented  or  assembled  to  complete  the  insulator,  it  is 
advised  to  again  test,  using  the  same  method,  in  order  to  be  certain 
that  the  sections  have  not  been  broken.  Every  porcelain  insulator 
of  a  lot  should  be  tested  in  this  manner. 

If  the  insulators  are  of  glass  it  is  best  to  have  every  insulator 
tested  in  the  manner  described  for  porcelain  insulators,  but  as  the 
defects  in  glass  are  easily  visible  it  may  be  necessary  to  test  only  a 
few  of  a  lot  in  order  to  determine  the  strength  of  the  glass,  the 
remainder  passing  the  rigid  examination  of  an  inspector  who  will 
discard  such  insulators  as  have  cracks,  air  bubbles,  or  less  than  the 
required  thickness. 

2).  The  measurement  of  leakage  over  the  surface  of  an  insulator 
is  an  extremely  difficult  thing  to  accomplish,  and  the  refined 
methods  which  are  required  are  not  applicable  to  factory  tests  of  a 
large  number  of  insulators.  Any  leakage  of  account  will  be  ob- 
served in  the  test  for  dielectric  strength,  either  by  the  \dsible  creep- 
age  of  the  current  over  the  surface,  or  by  the  heating  of  the  in- 
sulator. 

3).  A  lot  of  insulators  having  passed  a  preliminary  inspection, 
it  is  necessary  to  test  only  a  few  in  order  to  meet  the  third  require- 
ment. These  may  be  set  up  as  in  service  and  the  predetermined 
voltage  applied.  It  is  customary  to  apply  the  voltage  to  the  line 
and  pin.  It  is  further  advised  that  a  voltage  be  applied  across 
two  insulators  mounted  in  the  same  way,  in  order  to  duplicate  as 
near  as  possible  normal  running  conditions, 

4).  In  order  to  test  for  the  effectiveness  of  the  contour  of  an 
insulator,  it  is  necessary  to  imitate  as  nearly  as  possible  the  most 
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severe  climatie  conditions  under  which  the  insulator  is  to  operate. 
Tests  of  this  kind  have  not  been  extended  farther  than  to  obtain 
the  effect  of  a  heavy  driving  rain.  An  insulator  mounted  as  for 
use  should  have  a  broken  spray  of  water  thrown  upon  it  at  an  angle 
but  slightly  above  the  horizontal.  The  results  with  this  combina- 
tion may  then  be  noted  with  a  predetermined  voltage  applied  be- 
tween line  and  pin,  or  between  two  insulators  similarly  treated. 

The  value  of  tests  should  not  be  overestimated,  for  it  will  be 
recognized,  especially  as  to  dielectric  resistance,  that  no  laboratory 
or  factory  test  of  the  dielectric  strength  of  insulators  can  approach 
the  time  test  of  insulators  in  actual  service.  Consequently  it  is 
well  to  allow  a  wide  margin  of  safety  over  the  actual  requirements. 
"Wide  margins  of  safety  in  every  particular  is  also  good  practice  in 
order  to  compensate  for  the  abnormal  voltages  which  are  charac- 
teristic of  high-tension  transmissions.  It  is  questioned  whether 
there  is  any  other  element  of  a  high-tension  power  transmission 
which  operates  on  such  narrow  margins  as  the  insulator.  Espec- 
ially is  this  true  in  America. 

Unfortunately  with  very  high  tensions,  we  are  apparently  near- 
ing  the  point  where  the  question  is  whether  there  is  any  margin 
possible,  rather  than  how  much.  For  a  better  understanding  of  the 
situation,  the  writer  will  review  the  conditions  as  he  has  found 
them. 

The  electrical  requirements  of  a  high-tension  insulator  are  at 
variance  with  the  requirements  for  mechanical  strength  in  the 
following  respects : 

1).  In  order  to  increase  the  dielectric  strength,  reduce  the 
capacity  and  lessen  the  brush  discharges,  it  is  necessary  to  increase 
the  thickness  of  the  head  of  the  insulator.  As  the  thickness  is 
increased,  the  pin  or  support  in  the  insulator  is  removed  farther 
from  the  strains  of  the  wire  and  mechanical  stresses  are  brought 
upon  the  insulating  material  which  it  is  incapable  of  withstanding. 
Especially  is  this  true  if  the  wire  is  tied  or  supported  on  the  top  of 
the  insulator. 

2).  If  the  point  of  support  of  the  wire  is  lowered  to  the  side  of 
the  insulator,  it  is  necessary  that  the  insulator  be  of  large  diameter 
at  the  point  of  support  in  order  to  have  the  required  dielectric 
thickness.  Also  with  the  wire  on  the  side  of  the  insulator,  the 
surface  distance  is  decreased  and  the  length  of  the  adjacent  petti- 
coat must  be  correspondingly  increased. 

3).  No  logical  or   safe  arrangement  has   ever  been  proposed 


Fig.   13.     Kxpeuimextal  Insui^vtok  I'.ndku  Test  at  198  Kilovolts. 
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whereby  all  the  lines  of  a  circuit  can  be  supported  otherwise  than 
on  the  tops  of  the  insulators.  In  this  position  the  surface  of  the 
insulator  is  exposed  to  the  elements,  at  least  as  far  as  the  edge  of 
the  extending  petticoat  adjacent  to  the  line,  and  the  effect  is  to 
aggravate  the  cause  for  leakage  for  a  certain  distance,  where  it 
must  be  checked. 


FlO.    12,     EXPESIMENTAL   HiGH-TeNSION    InSTOATOB. 

4).  The  requirement  for  a  larger  insulator  means  one  which  is 
more  breakable — if  of  glass,  one  apparently  beyond  the  present 
knowledge  of  how  to  mould,  or  how  to  anneal. 

The  electrical  requirements  are  also  contradictory  in  this  respect 
— a  larger  insulator  for  increasing  the  arcing  distance  adds  but 
little  resistance  to  leakage  and  probably  increases  the  capacity. 

The  writer  early  foresaw  the  objections  to  making  insulators  of 
constantly  increasing  diamet-ers  for  increasing  voltages,  and  pro- 
posed the  making  of  insulators  in  parts  and  with  outwardly  ex- 
tending petticoats.     Such  construction  is  shown  in  Fig.  12.     Other 
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forms  of  insulators  embracing  the  essential  features  have  been 
already  shown,  as  in  Figs.  9  and  11.  The  purpose  of  the  con- 
struction of  the  insulator  shown  in  Fig.  12  was  to  study  the  effect 
of  the  outwardly  extending  petticoats  in  resisting  arcing  of  the 
current  between  line  and  pin.  The  exact  details  of  construction 
are  a  top  piece,  A,  screwed  onto  a  wooden  pin,  H;  two  like  sec- 
tions, B  and  C,  and  a  supporting  section,  D,  resting  on  the  cross- 
arm  or  support,  and  holding  B  and  C.  D  also  serves  the  purpose 
of  protecting  the  pin.  The  grooves  at  e,  f  and  g  are  for  holding 
an  insulating  medium,  if  desirable  to  insulate  between  the  several 
parts.  These  parts  being  readily  separable,  it  is  easy  to  assemble 
A  and  D,  or  A,  D  and  either  B  or  C.  Sections  A,  B  and  C  are 
10y2  in.  in  diameter,  and  the  whole  insulator  when  assembled  as 
shown  in  Fig.  12  is  23  in.  high  from  the  cross-arm.  Under  test, 
the  terminals  of  the  testing  apparatus  being  connected  at  the  point 
for  the  wire  and  at  the  cross-arm,  the  current  arced  around  at  the 
following  voltages : 

Insulator  clean  and  dry — 

A  and  D,  144  kilovolts. 

A,  B  and  D,        186        " 

A,  B,  C  and  D,  225         " 

Under  a  spray  of  water  at  45  deg.,  precipitation  three-fourths 
of  an  inch  in  five  minutes  — 

A  and  D,  118  kilovolts. 

A,  B  and  D,        157         " 
A,  B,  C  and  D,  198         « 

Fig.  13  shows  an  insulator  under  test  at  198,000  volts.  The 
spray  of  water  was  applied  at  an  angle  of  45  deg,  with  the  hori- 
zontal, the  precipitation  being  three-quarters  of  an  inch  in  five 
minutes.     The  exposure  in  photographing  was  one-half  second. 

Xo  insulating  material  was  used  in  the  grooves  during  these 
tests.  There  was  no  tendency  for  the  current  to  arc  between  the 
sections,  and  there  were  no  serious  discharges  up  the  inside  of  the 
sections  or  in  the  grooves  between  the  sections.  This  experiment 
}£,  considered  of  importance  in  that  the  addition  of  each  outwardly 
extending  petticoat  section  requires  a  nearly  equal  additional  volt- 
age to  produce  arcing.  The  advantage  of  a  properly  proportioned 
insulator  with  outwardly  extending  petticoats  is,  evidently,  less 
diameter  for  the  same  resistance  to  arcing  around  than  an  insulator 
of  the  mushroom  type. 

As  to  the  surface  conditions  on  insulators  of  glass  and  porcelain^ 
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no  differences  have  been  noted  in  the  conduction  or  leakage  of  cur- 
rent. With  high  tensions,  such  water  or  moisture  as  falls  on  the 
insulator  is  quickly  dispelled  or  dried  off  by  the  leakage  of  cur- 
rent, high  tensions  tending  always  to  keep  an  insulator  dry.  In 
general,  losses  on  high-tension  insulators,  until  a  brush  appears, 
are  so  small  that  they  are  negligible.  With  the  brush  the  losses 
increase  very  rapidly  with  increase  in  tension. 

There  remains  for  the  investigator  an  almost  unexplored  field 
for  the  determination  of  how  the  potential  may  be  distributed 
through  an  insulator;  and  not  until  such  knowledge  is  had  may 
we  expect  to  know  the  form  of  the  rational  design,  and  learn  of  the 
limitations  of  the  high-tension  insulator. 

Discussion. 
Chairman  Scott:  I  am  sure  we  all  owe  a  debt  of  thanks  to  Mr.  Con- 
verse for  the  very  comprehensive  and  able  way  in  which  he  has  handled 
this  very  important  subject.  The  insulator  problem  is  largely  a  geometric 
problem,  to  prevent  the  surface  discharge,  and  it  is  a  problem  of  materials 
to  prevent  the  breaking  down  of  material  or  the  destructive  discharge 
through  the  material  itself.  In  this  problem  is  involved,  in  addition  to 
the  electrical  requirements,  the  very  important  one  of  mechanical  strength. 
It  is  notable,  as  Mr.  Converse  pointed  out,  that  the  development  of  the 
insulator  in  use  has  been  limited  practically  to  two  materials,  glass  and 
porcelain.  The  introduction,  as  he  suggests,  of  a  new  material,  a  material 
of  good  electric  properties  and  good  mechanical  properties,  would  prob- 
ably greatly  change  the  solution  of  the  insulator  problem.  The  insulators 
which  have  been  presented  to  us  appear  rather  formidable;  they  are  so 
much  larger  than  the  insulators  we  had  a  number  of  years  ago.  Each 
year  has  seen  a  larger  and  more  formidable  insulator.  If  we  take 
a  comprehensive  view  of  the  transmission  problem,  an  expensive  in- 
sulator is  not  a  vital  fault.  A  transmission  plant  involves  usually  large 
expenditure  for  hydraulic  development,  for  power  house,  for  machines,  for 
rights-of-way,  for  poles,  for  transmission  lines,  for  substations  and  dis- 
tributing systems.  The  insulator,  the  critical  element  in  the  system, 
is  relatively  inexpensive.  The  actual  cost  of  the  insulators  on  one  of 
the  important  lines  in  this  country,  one  of  the  highest  voltage  lines  of  a 
considerable  length,  amounts  to  something  like  30  or  40  cents  a  kilowatt, 
on  which  the  interest  charge  per  year  would  be  one  or  two  cents.  That 
is,  the  charge  per  kw-year  for  insulators  on  some  of  the  lines  which  are 
doing  good  service,  is  only  a  couple  of  cents.  Now,  since  the  total  annual 
cost  of  delivering  a  kw-year  amounts  to  many  dollars,  it  is  easy  to  see 
that  we  could  double,  or  increase  ten-fold,  the  cost  of  the  insulator,  without 
materially  increasing  the  cost  of  the  whole.  There  are  those  here  who 
have  had  much  experience  in  design  and  operation  of  insulators  and  we 
hope  the  discussion  will  be  an  interesting  one.  Mr.  Gerry's  paper  covers 
somewhat  the  same  grounds  as  that  of  Mr.  Converse  and  I  have  suggested 
to  Mr.  Gerry  that  he  present  it  now  and  then  the  whole  matter  can  be 
discussed. 
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There  are  in  America  at  the  present  time,  about  ten  systems 
operating  regularly  at  tensions  of  not  less  than  40,000  volts,  and 
transmitting  energy  from  sixty  to  one  hundred  and  fifty  miles. 
Two  of  these  transmissions  employ  pressures  of  between  50,000 
and  60,000  volts.  The  above  mentioned  systems  have  all  been  con- 
structed within  the  past  decade,  and  while  they  represent  com- 
mercial enterprises  of  considerable  magnitude  their  chief  interest 
lies  in  the  possibilities  which  they  suggest  for  future  develop- 
ments. The  following  paper  briefly  discusses  the  problems  con- 
nected with  the  construction  and  insulation  of  transmission  lines, 
without  touching  upon  the  generation  of  the  high-tension  current, 
or  its  manipulation  within  the  generating  or  receiving  stations. 
The  methods  of  construction  and  details  of  design  described  are 
drawn  entirely  from  American  practice.  The  term  "  high  tension  " 
where  used  refers  to  electrical  pressures  such  as  mentioned  above. 

Gf:is'ERAL  Design'. 

In  the  construction  of  high  tension  transmission  lines  wooden 
poles  have  been  used  for  supporting  tlie  conductors  almost  exclu- 
sively, but  there  is  a  tendency  at  the  present  time  to  substitute  metal, 
and  the  more  permanent  material  will  doubtless  be  employed  in 
the  future  wherever  the  undertakings  are  of  sutficient  magnitude 
to  justify  the  larger  investment.  Excellent  results  have  been  ob- 
tained, however,  from  the  lines  now  in  operation,  and  the  current 
practice  may  be  followed  with  a  certainty  of  satisfactory  perform- 
ance and  reasonable  cost  of  construction. 

Many  of  the  transmission  systems  are  located  in  a  mountainous 
country  difficult  of  access,  and  the  obstacles,  overcome  have  been 
numerous  and  varied.     Whenever  the  nature  of  the  service  is  ini- 

[364] 


GERRY:     HIGH-TENSION  LINES,  365 

portant  a  private  right-of-way  has  usually  been  secured  and  two 
lines  of  poles  erected. 

Cedar  poles  are  used  in  the  majority  of  cases,  but  redwood, 
pine  and  other  woods  are  also  employed  to  some  extent.  Cedar 
has  an  advantage  over  the  other  common  woods  in  that  it  will 
last  longer  in  moist  ground.  The  pole  tops  and  butts  are  fre- 
quently treated  with  coal-tar,  or  some  preservatiA'e  compound,  but 
this  practice  is  not  universal.  Poles  for  important  transmission 
lines  are  usually  selected  with  care,  and  are  heavier  and  of  better 
timber  than  those  for  other  classes  of  service.  They  are  of  lengths 
varying  from  thirty-five  to  seventy-five  feet,  with  diameters  at  the 
tops  of  from  eight  to  fourteen  inches. 

For  conductors  both  copper  and  aluminum  are  employed.  Copper 
is  used  as  a  solid  wire  in  the  smaller  sizes,  and  as  a  stranded  cable 
when  of  considerable  dimensions.  Aluminum  is  now  always  em- 
ployed as  a  stranded  cable.  With  either  metal  the  flexibility,  elas^ 
ticity  and  strength  are  improved  when  in  the  form  of  a  cable. 
Copper  may  be  obtained  either  soft  or  hard-drawn.  The  hard-drawn 
material  has  greater  tensile  strength  than  the  soft  or  annealed,  and 
for  that  reason  is  often  preferred.  Copper  conductors  should  not, 
however,  be  subjected  to  a  greater  strain  in  service  than  the  limit 
of  safety  of  the  soft  metal,  for  the  reason  that  the  hard-drawn 
material  may  be  annealed  locally,  either  during  erection  while 
making  connections,  or  while  in  service  by  the  heating  of  a  joint, 
or  from  a  short  circuit.  Aluminum  is  much  the  lighter  metal  for 
equal  conductivity,  and  this  is  of  some  advantage  during  con- 
struction. On  account  of  the  greater  coefiicient  of  expansion  of 
aluminum,  more  attention  is  necessary  to  temperature  conditions 
at  the  time  of  erection,  so  as  to  limit  the  sag  and  resulting  stress 
developed.  Equally  good  results  may  be  obtained,  however,  with 
either  metal  if  properly  installed. 

The  cross-arms  in  use  on  most  transmission  lines  are  either  of  fir, 
or  of  long-leaf  yellow  pine.  Selected  timber  is  usually  employed, 
and  the  cross-arms  are  of  special  dimensions  for  this  service.  In 
the  future  structural  steel  will  probably  be  used  to  a  considerable 
extent  for  this  purpose. 

The  pins  supporting  the  insulators  are  made  either  of  wood  or  of 
metal.     Of  the  various  kinds  of  wood,  locust,  oak   and  eucalyptus  * 
are  most  in  use.     Mountain  locust  from  old  trees  is  perhaps  the 
most  satisfactory,  but  is  difficult  to  obtain.     Oak  if  well  seasoned 


366 


GERRY:     HIGH-TENSION  LINES. 


gives  good  results,  and  eucalyptus  has  some  excellent  qualities. 
Metal  pins  are  made  of  steel  or  cast  iron.  Steel  pins  are  the  more 
reliable,  as  they  are  not  subject  to  flaws,  and  do  not  fail  from  inter- 


FiG.   1. —  Pole  top  fob  high-tension  transmission  une,  Washington 

WATER   POWER   COMPANY. 

nal  strains.    For  fastening  together  the  poles,  cross-arms,  braces  and 
pins,  through  bolts  are  now  usually  employed. 

Various  details  of  construction  from  current  practice  are  shown 
in  the  examples  to  follow. 


Lead  Cop  cast  on 
Eccentric  Groove  1  dla» 


PiQ.  2. —  Steel  pin,  Washington  water  power  company. 

The  standard  pole  construction  of  the  Washington  Water  Power 
Company  is  shown  in  Fig.  1.  This  company  has  recently  completed 
an  important  transmission,  one  hundred  miles  in  length,  designed 
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for  an  ultimate  tension  of  60,000  volts,  although  now  operating  at 
40,000  volts.    The  conductors  are  of  Xo.  2,  B.  &  S.  gauge,  medium 


Fig.  3. —  Pole  top  for  high-tension  transmission  PLATn*,  shawinigan 

WATER    &    POWER    COMPANY. 

hard-drawn,  solid  copper  wire.  The  insulators  are  of  porcelain 
and  are  brown  glazed.  The  distinctive  features  of  this  construction 
are  the  short  distance  of  forty-two  inches  between  conductors,  and 
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Fig.  4. —  Pole  top  for  transmission  line,  madison  river  transmission. 

the  special  form  of  steel  pin  employed  to  support  the  insulators. 
This  pin  is  illustrated  in  Fig.  2  and  is  worthy  of  notice.     It  was 
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designed  by   Mr,    D.   L.    Huntington,   general   manager  of   the 
company. 

Another  interesting  illustration  from  current  pTactice  is  shown  in 
Fig.  3,  which  is  the  pole  top  made  use  of  by  the  Shawinigan  Water 
and  Power  Company  for  their  Montreal  transmission.  The  length 
of  this  line  is  about  eighty-four  miles,  and  it  is  now  operating  at 
53.000  volts.  The  conductors  are  aluminum  cable,  each  made  up  of 
seven  strands  of  No.  7  wire.  The  insulators  are  of  porcelain,  made 
in  three  parts,  and  are  supported  on  wooden  pins.     They  were 
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This  pipe  screws  into 
c»stiag  »t  top  of  M>web 


FiG.  5. —  Special  four-post  line  tower,  guaxajuato  power  &  electric 

COMPANY. 

Fig.  6. —  Pole  top  for  high-tension  transmission  line,  Guanajuato 
power  &  electric  company. 


especially  designed  for  this  installation  by  Mr.  Ralph  D.  Mershon, 
the  consulting  engineer  of  the  company. 

A  novel  construction  is  shown  in  Fig.  4.    This  is  the  arrangement 
used  by  the  Madison  River  Transmission  operating  into  Butte,  Mon- 
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tana.  It  is  remarkable  for  the  entire  absence  of  metal,  with  the 
exception  of  the  conductors.  The  cross-arm  extends  through  the 
pole,  and  is  held  in  place  by  wooden  wedges  and  a  wooden  pin.  This 
line  is  about  seventy  miles  in  length  and  operates  at  40,000  volts.  It 
employs  glass  insulators  supported  by  wooden  pins,  and  the  con- 
ductors are  of  aluminum  cable.  It  was  built  under  the  direction 
of  Mr.  P.  N.  Nunn. 

A  transmission  which  employs  steel  towers  for  supporting  the 
conductors,  has  just  been  completed  in  Mexico  by  the  Guanajuato 
Power  and  Electric  Company,  Fig.  5  shows  a  standard  tower,  and 
Fig.  6  the  arrangement  of  cross-arms,  pins  and  insulators.  The 
towers  are  of  a  type  used  for  supporting  windmills,  and  are  of  very 
light  construction,  the  various  parts  being  fastened  together  by 
means  of  special  bolted  fittings.  All  the  metal  parts  are  galvanized. 
The  towers  are  supported  by  anchors  held  in  place  by  concrete 
foundations  located  at  the  four  corners  of  the  structure.  A  length 
of  extra  heavy  3-inch  pipe,  supporting  the  cross-arm  and  the  top  pin, 
extends  above  the  tower.  The  pins  are  of  cast  iron,  and  the  in- 
sulators of  porcelain.  The  spans  are  said  to  average  five  hundred 
feet,  while  the  sag  of  the  conductors  is  about  eighteen  feet.  The 
conductors  are  of  hard-drawn  copper  cable.  This  transmission 
is  intended  ultimately  to  operate  at  60,000  volts. 

As  a  further  illustration  of  current  practice,  the  high  tension 
lines  of  the  Missouri  Eiver  Power  Company,  built  under  the  direc- 
tion of  the  writer,  are  here  briefly  described. 

This  transmission  has  been  in  service  for  over  three  years,  operat- 
ing at  57,000  volts,  delivering  power  at  a  distance  of  over  sixty-five 
miles  in  a  satisfactory  manner.  The  country  through  which  it 
passes  is  very  rough  as  shown  in  Fig.  27. 

The  lines  leave  the  generating  station  at  an  elevation  of  about 
3,700  feet,  pass  over  three  distinct  summits,  including  the  Con- 
tinental Divide,  at  which  point  they  reach  an  elevation  of  7,300  feet 
above  sea  level.  There  are  two  parallel  lines  extending  from  the 
generating  station  on  the  Missouri  Eiver  to  the  Butte  substation. 
They  are  located  in  the  main  on  a  private  right  of  way  200  feet  in 
width,  from  which  all  timber  was  removed.  Each  of  the  lines 
carries  three  copper  cables  arranged  in  a  triangular  position,  sev- 
enty-eight inches  apart.  The  cables  are  composed  of  seven  strands 
and  have  an  area  of  106,000  circular  mils.  Fig.  7  illustrates  the 
upper  part  of  a  standard  pole.  Fig.  8  is  a  section  of  the  insulator, 
sleeve,  pin  and  pole-top. 
Vol.  11  —  24 
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The  poles  are  of  Idaho  cedar,  the  cross-arms  of  Oregon  fir,  the 
braces  and  pins  of  white  oak,  and  the  insulators  and  sleeves  of 
glass.  The  cross-arms,  braces  and  pins  are  held  in  place  by  means 
of  through  bolts.  The  pins  in  the  top  of  the  poles  are  of  larger 
size  and  of  greater  length  than  those  in  the  cross-arms,  to  provide 
for  the  greater  strains  there  present.  The  pins  were  prepared  by 
being  first  dried  and  then  treated  in  paraffine.  until  all  moisture  was 
removed,  and  were  then  tested  to  60,000  volts.  The  glass  sleeves 
are  not  fastened  to  the  insulators  and  merely  rest  on  a  shoulder  of 
the  pins,  as  shown  in  Fig.  8. 

The  circuits  are  transposed  five  times,  making  two  complete 
turns  between  the  generating  station  and  the  substation.  The 
switching  arrangements  are  such  that  the  circuits  may  be  operated 


Fig.   7. —  Pole   top,   high-tension  transmission   line,   missoubi   river 

power  company. 
Fig.  8. —  High-tension  insulator,  slee\te,  pin  and  pole  top,  Missouri 

RIVER  power  company. 

either  singly  or  in  multiple.  A  telephone  circuit  is  located  on  one 
of  the  lines  and  gives  good  results  in  service.  The  poles  are  from 
thirty-five  to  seventy-five  feet  in  length,  and  the  pole-tops  are  from 
nine  to  twelve  inches  in  diameter.  The  poles  are  set  from  six  to 
eight  feet  in  the  ground,  according  to  height,  and  the  standard 
spacing  is  one  hundred  and  ten  feet,  with  a  maximum  spacing  of 
one  hundred  and  fifty  feet,  when  required  by  the  nature  of  the 
ground.    Fig.  28  shows  the  lines  tlirough  timbered  country. 
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The  constructions  just  described  were  selected  as  typical  examples 
of  what  has  been  accomplished  in  the  building  of  high  tension 
transmissions.  Several  of  the  lines  mentioned  have  been  in  regular 
operation  for  periods  varying  from  one  to  three  years,  and  are  in 
no  sense  experiments,  but  rather  represent  successful  commercial 
undertakings.  Other  interesting  and  well-known  systems  might 
have  been  described  had  the  limits  of  this  paper  permitted  a  further 
expansion  of  the  subject. 

Line  Insulation. 

The  design  of  insulation  for  high  pressure  should  involve  a  con- 
sideration of  all  the  effects  of  electrical  tension  on  the  dielectric 
in  the  vicinity  of  the  conductors.  In  the  case  of  a  line  insulator, 
air  is  always  a  dielectric  in  combination  with  glass,  porcelain, 
wood  or  other  materials.  Wherever  there  is  a  difference  of  elec- 
trical potential  there  exists  in  the  surrounding  media  a  certain 
state  of  strain  called  an  electro-static  field.  This  state  of  strain 
is  the  result  of  electrical  stress  applied  to  the  insulating  material. 
Dielectrics  possess  a  sort  of  atomic  elasticity,  and  electrical  tensions 
produce  a  displacement  in  the  molecular  structure  which,  if  carried 
beyond  a  certain  limit,  result  in  disruptive  breakdown  of  the  mate- 
rial. Before  a  difference  of  potential  can  exist  current  must  flow 
into  the  dielectric,  thus  producing  a  state  of  strain  equal  to  the 
electrical  stress  applied.  If  the  material  be  not  strained  beyond  its 
limits  of  molecular  elasticity,  current  will  flow  from  the  material 
whenever  the  tension  is  removed  or  reduced,  and  a  path  provided. 
AH  dielectrics  possess  the  quality  of  receiving  strain  before  rup- 
ture^ but  not  to  the  same  degree.  Solids  and  liquids  generally 
possess  it  in  a  higher  degree  than  gases.  Whenever  the  limit  of 
strain  of  a  particular  material  is  exceeded  it  fails  structurally, 
resulting  with  a  solid  in  a  mechanical  rupture,  and  with  a  gas  in 
a  change  of  molecular  state  which  reduces  its  electrical  resistance 
and  renders  it  semi-conducting.  It  frequently  happens  when  sev- 
eral dielectric  materials  are  subjected  to  the  same  electro-static 
field,  that  one  or  more  of  the  materials  will  be  strained  beyond  the 
limit  and  will  fail,  although  the  others  may  withstand  the  electrical 
tension.  Air  adjacent  to  powerfiil  dielectrics  frequently  fails  in 
this  manner,  thus  giving  rise  to  the  common  brush  discharge. 

The  structural  failure  of  air,  from  an  engineering  standpoint, 
has  been  studied  by  a  number  of  investigators,  including  Mr.  C.  P. 
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Steinmetz  and  Prof.  Harris  J.  Evan.  It  is  well  knowTi  that  air 
at  ordinary  pressures  and  temperatures  has  a  much  lower  dielectric 
strength  than  the  common  solid  insulating  materials.  Air  in  thin 
films  adjacent  to  solid  bodies  has  greater  strength  than  in  bulk, 
but  is  still  inferior  to  such  substances  as  glass,  porcelain,  mica, 
treated  paper,  etc.  The  dielectric  strength  of  air  is  affected  by  its 
physical  condition,  and  varies  directly  as  the  pressure  and  inversely 
as  the  absolute  temperature.  Under  uniform  conditions  all  dielec- 
trics rupture  at  definite  applied  tensions.  Prof.  Eyan  has  shown 
that  there  exists  also  for  each  dielectric  material  a  certain  strength 
of  electro-static  field  which  will  cause  rupture.  T\Tien  several  mate- 
rials in  series  form  the  dielectric,  the  one  rupturing  at  the  lowest 
value  of  electro-static  field  will  fail  first  although  individually  it 
may  possess  superior  qualities. 

Line  insulators  are  usually  made  of  glass  or  porcelain,  fashioned 
into  a  variety  of  shapes,  all  approximating  certain  elementary  forms. 
Consider  that  alternating  electrical  tension  be  applied  to  a  solid 


Fig.  9. —  Texsiox  applied  to  disc. 

insulating  disc,  as  shown  in  Fig.  9.  If  the  pressure  be  low,  only 
charging  current  will  flow,  but  if  the  tension  be  increased  sufficiently 
the  air  under  and  about  the  electrodes  will  be  ruptured,  producing 
brush  discharge.  This  results  in  the  formation  around  the  elec- 
trodes of  a  zone  of  ionized  air,  of  comparatively  low  resistance. 
This  enveloping  zone  of  conducting  air  has  the  effect  of  increasing 
the  size  of  the  electrodes,  and  thus  the  area  to  which  the  full  tension 
is  applied.  If  the  tension  be  further  increased,  the  zone  of  ionized 
air  continues  to  spread  over  the  surface  of  the  disc,  thereby  increas- 
ing its  capacity  and  the  resulting  charging  current.  Streamers 
will  now  form  on  the  surface  of  the  plate,  and  thus  afford  a  path  of 
still  lower  resistance  whereby  the  current  for  charging  the  dielectric 
and  ionizing  the  air  is  eonducted  to  the  outer  portions  of  the  rup- 
tured zone.  When  the  surfaces  of  the  solid  dielectric  are  parallel, 
as  in  this  case,  the  streamers  and  ruptured  air  zone  when  once 
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started,  would  apparently  continue  to  spread  indefinitely,  were  it 
not  for  the  cooling  effect  of  the  adjacent  material,  the  appreciable 
resistance  of  the  path  through  the  ionized  air,  and  the  time  element 
introduced  by  the  alternating  pressure. 

Under  the  conditions  as  shown  in  Fig.  9,  the  streamers  may  unite 
over  the  edge  of  the  plate,  thus  forming  a  short  circuit,  the  dis- 
tance travelled  being  several  times  as  great  as  the  breakdown  dis- 
tance through  air  for  the  same  pressure.  This  result  is  not  due  to 
surface  leakage,  as  frequently  assumed,  but  is  a  plienomena  of  elec- 
trostatic capacity  and  local  structural  failure  of  the  air  as  a  dielec- 
tric.   If  instead  of  the  pressure  being  applied  to  a  small  area,  aa 


Pig.  10. —  Tension  applied  to  disc    bt  meaxs  of  enlarged  electrode. 

in  Fig.  9,  the  electrode  be  enlarged  to  a  plate,  as  shown  in  Fig.  10, 
the  same  results  will  follow,  but  the  spreading  out  of  the  ruptured 
air  zone  will  take  place  on  one  side  only  and  at  a  considerably  lower 
tension.    If  pressure  be  applied  to  an  insulating  tube,  by  means  of 


Flo.  11. —  Tension  applied  to  insulating  tube. 

a  conductor  inside  and  outside,  as  shown  in  Fig.  11,  the  air  will 
fail  at  a  certain  tension,  and  the  results  will  be  similar  to  those  ob- 
tained with  the  plate,  in  Fig.  10.  The  streamers  will  start  from  the 
conductor  on  the  outside  at  A,  and  will  run  along  the  tube  from 
the  center  toward  the  ends,  the  tendency  being  to  cover  the  outer 
surface  with  an  enveloping  coating  of  ruptured  air. 

In  this,  as  in  all  other  cases,  the  streamers  are  drawn  out  in 
such  a  direction  as  to  increase  the  electro-static  capacity.  If  a  still 
greater  tension  be  applied,  the  streamers  from  A  will  finally  draw 
sufficiently  near  to  B  to  cause  rupture  of  the  air  in  bulk  between  B 
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and  the  ends  of  the  streamers  extending  from  A.  If,  under  these 
conditions,  the  internal  conductor  be  now  removed  from  the  tube, 
as  shown  in  Fig.  12,  the  air  about  the  point  A  will  no  longer  be 
ruptured,  and  the  streamers  will  cease,  although  the  distance  be- 
tween -.-1  and  B,  and  also  the  conditions  for  surface  leakage  remain 
as  in  Fig.  11.     It  will  now  require  a  material  increase  of  tension 


Fig.    12. —  Tension   applied   to   insulating   tube,   internal   condixtor 

withdrawn. 

to  cause  a  breakdown  between  the  electrodes,  and  this  will  occur 
essentially  as  if  the  tube  were  not  present. 

After  initial  rupture  of  the  air,  the  spreading  of  the  streamers 


Fig.  13. —  Tension  applied  to  insu-lating  dish. 

Fig.   14. —  Tension  applied  to  insulating   receptacle. 

Fig.  15. —  Tension  applied  to  special  form  of  insulator. 

is  affected  to  a  degree,  by  the  form  of  the  solid  dielectric.  Fig.  13 
indicates  tension  as  applied  to  a  dish  of  uniform  thickness,  Fig.  14 
to  a  deep  receptacle,  and  Fig,  15  to  a  special  form.  The  results 
obtained  from  the  arrangement  shown  in  Fig.  13  will  not  differ 
materially  from  those  obtained  from  the  arrangement  shown  in 
Fig.  9,  or  if  one  surface  be  made  conducting,  from  those  obtained 
from  Fig.  10.  In  the  case  of  Fig.  14,  however,  the  air  in  the  interior 
of  the  receptacle  about  the  entering  conductor  becomes  ionized  at 
sufficient  tension,  and  the  conditions  then  existing  are  the  same  as 
if  the  receptacle  were  filled  with  a  conducting  substance.  With  the 
arrangement  in  Fig,  15  the  streamers  start  as  in  Fig,  9,  but  upon 
reaching  the  downward  projection  they  are  forced  along  its  sur- 
face and  away  from  the  streamers  on  the  upper  face  of  the  plate, 
until  a  point  is  reached  where  the  electro-static  field  is  no  longer 
sufficient  to  rupture  the  air,  when  the  streamers  die  out  and  fur- 
ther spreading  of  the  niptnred  air  zone  ceases. 

All  line  insulators  are  made  from  variations  of  the  forms  just 


GERRY:     HIGH-TENSION  LINES.  375 

discussed.  Surface  insulation  has  little  to  do  with  their  per- 
formance, and  excepting  the  faces  be  made  conducting  by  a  coat- 
ing of  water  or  other  foreign  material,  the  surface  leakage  may  be 
neglected  altogether  from  an  engineering  standpoint.  A  wet  sur- 
face, however,  is  practically  equivalent  to  the  metallic  coating  illus- 
trated in  Fig.  10.  For  high  tensions  wet  surfaces  should  be  con- 
sidered as  conductors,  but  dry  surfaces  need  be  treated  only  in  rela- 
tion to  the  electro-static  phenomena  already  described. 

A  first  consideration  in  connection  with  the  design  of  a  line  in- 
sulator is  its  ability  to  maintain  dry  surfaces  under  all  weather 
conditions.  It  has  been  frequently  assumed  that  rain  descends  at 
an  angle  not  exceeding  45°  from  the  vertical,  but  this  is  not  a  safe 
basis  for  design.  When  rain  is  accompanied  by  wind  at  high  veloc- 
ity, and  especially  if  the  air  currents  be  unsteady  and  in  "  gusts  ", 
and  subject  to  deflection  on  account  of  the  irregular  contour  of  the 
country,  it  will  then  be  found  that  at  times  the  rain  travels  prac- 
tically in  a  horizontal  plane.  As  the  rain-drops  are  often  moving  at 
high  velocity,  there  will  be  also  considerable  splashing  of  the  water 
where  it  meets  obstructions,  and  this  must  be  considered  in  pre- 
determining the  dry  surfaces.  With  insulators  of  the  "  umbrella  " 
t}-pe,  there  frequently  results  a  wetting  of  a  portion  of  the  under 
side  of  t]ie  main  petticoat,  from  water  splashed  from  other  parts. 
The  shape  of  the  insulator  may  also  result  in  deflecting  the  air 
currents,  thus  carrying  the  rain  to  surfaces  that  otherwise  would 
remain  dry.  Insulators  of  the  "  Italian  "  and  "  Double-Story  " 
types  are  frequently  affected  in  this  way.  Those  of  the  vertical 
petticoat  type  are  especially  free  from  this  defect,  as  the  spaces 
between  the  petticoats  are  efficient  in  preventing  eddying  air  cur- 
rents from  carrying  moisture  to  the  under  side  of  the  insulators. 

After  determining  the  extent  of  the  possible  wet  surfaces,  con- 
sideration should  be  given  to  the  distribution  of  potential  on  the 
various  parts  of  the  insulator.  The  tension  is  applied  between  the 
point  where  the  conductor  is  attached  and  some  other  point,  depend- 
ing upon  the  construction  employed.  During  rains  the  entire  upper 
surface  of  the  insulator  is  at  the  potential  of  the  conductor,  and 
the  ground  potential  is  at  the  least  directly  under  the  insulator  at 
the  cross-arm.  This  condition  holds  with  wooden  construction  as 
well  as  with  metal.  If  a  conducting  pin  be  employed,  the  ground 
pressure  will  be  carried  still  higher,  and  the  tension  will  be  applied 
across  the  comparatively  thin  material  of  the  upper  part  of  the 
insulator.     The  dielectric  will  then  consist  of  the  porcelain  or 
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glass  at  this  point,  and  the  air  adjacent  to  the  conductor  and  pin. 
The  tension  will  be  that  to  ground,  and  for  a  three-phase  circuit 
under  normal  conditions,  will  be  less  than  the  pressure  between 
conductors,  but  as  there  are  many  operating  conditions  where  full 
tension  may  be  applied  to  the  insulators,  it  is  better  practice,  for 
the  purpose  of  design,  to  assume  that  this  is  the  case  at  all  times. 
The  form  of  the  pressure  curve  also  has  an  effect,  as  it  is  the  maxi- 
mum tension  at  the  peak  of  the  curve  that  causes  initial  failure 
of  the  dielectric. 

If  the  tension  as  applied  sets  up  through  the  material  an  electro- 
static field  sufficiently  powerful,  the  air  in  series  with  the  solid 
insulating  material  will  be  ruptured,  and  brush  discharge  and 
streamers  will  form,  which  unless  checked,  may  extend  over  the 
entire  insulating  surface,  causing  short  circuit.  The  spreading  of 
the  conducting  zone  of  air  may  be  prevented  as  previously  explained, 
by  the  use  of  very  large  surfaces,  or  by  employing  deflecting  projec- 
tions, or  petticoats,  so  arranged  as  to  reduce  locally  the  strength  of 
the  electro-static  field  to  a  point  at  which  the  air  will  not  be  ionized. 
These  methods,  however,  serve  only  to  stop  the  spreading  of  the 
ruptured  air  zone,  and  require  considerable  dimensions  for  even 
low  factors  of  safety.  All  brush  discharges  are  wasteful  of  enevgy, 
and  are  destructive  of  organic  materials.  Ft  is  brush  discharge  com- 
bined with  capacity  charging  current  that  has  caused  the  burning 
of  pins  on  high  tension  lines.  Common  wooden  pins  are  practically 
conductors  for  high  tensions,  and  the  ground  pressure  is  carried 
up  within  the  insulator.  When  the  pins  possess  dielectric  qualities 
comparable  with  the  material  of  the  insulators,  the  tension  may 
be  said  to  be  applied  between  the  top  and  base  of  the  insulator, 
resulting  in  a  greatly  increased  thickness  of  the  dielectric  material. 
This  usually  overcomes  brush  discharge  and  materiallv  increases 
the  reliability  of  the  insulator.  For  the  best  results  insulators  for 
high  tensions  should  be  so  designed  that  under  no  operating  con- 
ditions would  the  electro-static  field  of  force  ever  be  sufficient  to 
rupture  the  air  adjacent  to  the  insulating  surfaces.  This  can  ho 
accomplished  by  properly  proportioning  the  thickness  of  the  mate- 
rial exposed  to  the  electric  stress. 

The  general  dimensions  of  the  insulator  should,  of  course,  be  such 
that  the  direct  air  path  from  the  conductor  to  the  cross-arm  will  be 
sufficient  to  avoid  failure  through  the  rupture  of  the  air  in  bulk. 
This  is  a  matter  of  simple  determination,  involving  only  the  length 
of  the  air  path  and  the  dielectric  strength  of  the  air  in  bulk  at  the 
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extremes  of  pressure  and  temperature,  as  found  in  service.  When 
insulators  are  made  of  several  parts  cemented  together,  the  dielectric 
material  is  no  longer  homogeneous,  and  the  distribution  of  the 
electro-static  strain  may  be  materially  altered.  The  cements  com- 
monly used,  such  as  sulphur,  litharge  and  glycerine,  Portland 
cement,  etc.,  possess  entirely  different  and  inferior  electro-static 
qualities  to  the  glass  or  porcelain  of  which  the  insulators  are  made. 
The  cement  between  the  sections  is  in  series  with  the  dielectric 
material  of  the  insulator,  and  is  exposed  to  the  same  electro-static 
field  of  force.  The  strata  of  cement  in  some  cases  redistributes  the 
electro-static  charge.  Under  other  conditions,  the  pressure  is  con- 
ducted directly  to  the  cement  through  the  ruptured  air.  In  this 
ease  the  semi-conducting  cement  becomes  charged  with  practically 
the  full  terminal  pressure,  and  excessive  tension  may  thus  be  applied 
to  a  section  of  the  insulator  not  designed  to  withstand  it.  This  fre- 
quently results  in  sectional  breakdowns,  and  the  insulator  fails 
in  detail.  The  irregular  distribution  of  surface  potential  also  affects 
the  outside  air  path,  and  in  some  types  of  insulators  reduces  the 
tension  required  to  rupture  the  air  between  the  points  of  applied 
tension.  When  insulators  are  made  up  of  several  parts,  the  cement 
employed  should  possess  dielectric  qualities  comparable  with  that  of 
the  component  parts,  and  every  effort  should  be  made  to  render  the 
dielectric  material  homogeneous  so  that  there  may  be  a  uniform  fall 
of  potential  between  the  points  at  which  the  tension  is  applied. 

The  resistance  to  disruptive  breakdown  or  puncture  of  the  solid 
dielectric  is  also  of  importance.  Good  porcelain  or  glass  has,  how- 
ever, such  great  strength  in  resisting  puncture  that  if  the  insulator 
be  designed  so  as  to  entirely  avoid  rupture  of  the  air  near  the  points 
of  applied  tension,  it  will  be  impossible  to  puncture  the  insulator 
under  operating  conditions.  One-piece  insulators  of  glass  or  por- 
celain seldom  fail  from  puncture,  even  if  thin  at  the  top,  but  two 
or  three-part  insulators  sometimes  fail  by  puncturing  one  or  more 
of  the  sections,  probably  due  to  unequal  distribution  of  potential,  as 
previously  discussed. 

Of  the  various  substances  available,  glass  and  porcelain  have 
been  used  almost  exclusively  for  high-tension  insulators.  Glass  has 
excellent  dielectric  qualities,  and  can  readily  be  obtained  in  desirable 
shapes,  at  reasonable  cost.  Its  greatest  defect  is  its  mechanical, 
weakness,  which  is  due  almost  entirely  to  internal  strains  developed 
during  manufacture.  Consistent  design  of  the  surfaces  so  as  to 
obviate  as  far  as  possible  shrinkage  strains,  and  careful  annealing 


378 


GERRY:     HIGH-TEXSIOX  LINES. 


have  improved  the  conditions  of  many  glass  insulators  so  as  to 
render  them  reliable  for  service,  but  they  still  do  not  possess  the 
mechanical  strength  of  the  best  porcelain.  Glass,  however,  is  a  more 
reliable  dielectric  material,  and  from  an  electrical  standpoint  gives 
better  and  more  uniform  results.  The  best  porcelain  has  great 
mechanical  strength  and  good  dielectric  qualities.  It  is,  however, 
difficult  of  manufacture  in  considerable  thickness,  and  is  very  apt 
to  develop  flaws  and  surface  cracks.  Common  grades  of  porcelain 
are  unreliable  and  should  not  be  used  for  high  tension  work. 

While  the  insulator  has  been  considered  chiefly  as  an  electrical 
device,  it  is  still  essential  that  it  be  treated  as  a  mechanical  sup- 
port for  the  conductors,  which  function  it  chiefly  serves.  Practically 
all  the  mechanical  strains  on  the  insulators  and  pins  are  transmitted 
from  the  conductor.  When  the  line  is  level  and  without  angles,  and 
when  the  spans  are  equal,  the  strains  are  due  only  to  the  wind  and 
weight  of  the  conductor.  When  angles  in  the  line  occur,  a  trans- 
verse strain  is  developed.  If  the  line  be  not  level  or  the  spans  not 
equal,  strains  having  vertical  and  horizontal  components  are  pro- 
duced. All  the  necessary  calculations  for  the  forces  acting  and  the 
resulting  strains  can  be  readily  made  by  the  ordinary  rules  of 
mechanics,  and  do  not  here  require  consideration. 

The  following  described  high-tension  insulators  were  selected  as 
representing  American  practice: 


Fio.  16. — Section  of  high-te.n.siox  ixsulatob. 


Fig.  16  shows  a  brown  glazed  porcelain  insulator,  of  the  "  um- 
brella ''"  type.  It  is  made  in  three  parts  cemented  together,  and 
weighs  about  20  lbs.  This  insulator  is  in  use  by  the  Washington 
Water  Power  Company  already  referred  to  in  this  paper. 


i'lG.   21. 


Fig.  2-J. 


iMi;.   -24. 


Fig  23. 


Fui.  20). 


Fig.  25. 

Figs.   21   to   26. —  High   tension   insulators. 
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Fig.  17  is  a  section  of  a  glass  insulator  also  of  the  "  umbrella  " 
typo.  It  is  made  of  two  parts  cemented  together,  and  weighs 
13  lbs. 


Pro.  17. —  Section  of  high-tension  insulatob. 


Fig.  18  shows  the  insulator  in  use  by  the  Shawinigan  Water  and 
Power  Company,  now  operating  at  53,000  volts.     It  is  of  white 


Fig.  18. —  Sextion  of  high-tension  insulator. 

glazed  porcelain,  in  three  parts.     Its  dimensions  are  given  in  the 
section.    This  insulator  also  weighs  13  lbs. 


Fig.  19. —  Section  of  high-tension  insulatob. 

Fig.  19  is  a  single-piece  insulator  of  the  "  Italian  "  type.     It 
is  made  of  fine  porcelain,  brown  glazed,  and  weighs  7f  lbs. 
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Fig.  20  shows  a  porcelain  insulator  of  late  design.    It  is  brown 
glazed  and  made  in  three  parts.    Its  weight  is  26  lbs. 


Fig.  20. —  Section  of  high-tension  insxtlatob. 


The  insulator  shown  in  section  in  Fig.  8  is  the  standard  insulator 
of  the  Missouri  Eiver  Power  Company  and  is  in  regular  service  at 
57,000  volts.  It  is  of  glass  made  in  two  parts,  and  its  weight  is 
12i  lbs. 

Figs.  21  to  26  inclusive  are  reproductions  from  photographs  of 
the  insulators  shown  by  the  section  drawings  above  referred  to. 

The  developments  in  the  construction  and  insulation  of  high  ten- 
sion lines  have  now  reached  a  point  where  no  doubt  exists  regarding 
the  practicability  of  transmitting  energy  at  tensions  approximating 
60,000  volts.  From  this  time  on  it  will  be  rather  a  question  of  ex- 
pediency and  engineering  detail  to  determine  the  best  methods  of 
obtaining  the  desired  commercial  results.  For  pressures  above 
60,000  volts  the  field  as  yet  is  unexplored,  but  those  who  have 
followed  this  subject  carefully  agree  that  much  higher  tensions 
will  ultimately  be  emploj'ed.  The  practices  discussed  in  this  paper, 
both  for  the  general  construction  and  for  the  insulation  of  high 
tensions,  cover  what  has  already  been  accomplished,  but  seem  also 
to  point  the  direction  of  future  development  in  this  branch  of 
engineering. 

Discussion. 

Mr.  Gerry:  In  opening  the  discussion  on  Mr.  Converse's  paper,  I  wish 
to  call  attention  to  one  or  two  points  in  connection  with  insulator  design 
which  I  believe  have  been  overlooked.  This  has  resulted,  among  other 
things,  in  the  discussion  of  the  relative  merits  of  iron  and  wooden  pins. 
There  is  little  ground  for  discussion  on  this  point;  both  iron  and  wooden 
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^ins  have  their  rospootive  values  in  particular  cases.  When  properly  ap- 
plied, either  will  answer  the  purpose.  Furthermore,  because  of  these  cer- 
tain points  having  been  overlooked,  the  great  differences  have  arisen  in 
high-tension  insulator  designs.  I  have  recently  examined  an  insulator 
weighing  50  pounds,  having  petticoats  36  inches  in  diameter,  but  it 
did  not  possess  proportionate  strength  for  withstanding  the  ordinary  con- 
ditions of  line  operation.  Mr.  Converse  has  stated  that  surface  leakage 
has  an  important  bearing  on  insulator  design.  My  experience  has  been 
that  leakage,  as  it  is  ordinarily  understood,  plays  little  or  no  part  from 
an  engineering  standpoint.  Unless  the  surfaces  be  covered  with  water, 
salt,  or  some  conductive  powder,  there  is  no  appreciable  leakage  of  current. 
However,  a  somewhat  similar  effect  on  the  surfaces  may  be  produced 
by  a  film  of  ruptured  or  semi-conducting  air,  resulting  from  the  applica- 
tion of  too  great  electro-static  strain.  The  electrical  tension  is  applied 
to  the  opposite  sides  of  the  solid  dielectric,  but  in  an  insulator  the  di- 
electric includes,  in  addition  to  the  glass  or  porcelain,  the  air  immediately 
surrounding  the  electrodes.  Under  these  conditions,  when  pressure  up 
to  a  certain  point  is  applied,  very  little  current  flows  into  the  dielectric  — 
only  the  small  amount  required  to  charge  the  material  immediately  adja- 
cent to  the  conductors.  If  the  tension  be  now  increased,  a  point  is 
finally  reached  at  which  the  air  near  the  electrodes  is  ruptured.  This 
results  in  what  is  commonly  known  as  brush  discharge.  The  air  becomes 
semi-conductive,  and  the  electrode  in  effect  expands,  causing  the  charging 
current  also  to  increase.  This  seeming  expansion  of  the  electrode,  when 
once  started,  would  go  on  indefinitely  were  it  not  for  certain  conditions 
tending  slightly  to  retard  it;  such  as  the  cooling  effect,  shape,  and  nature 
of  the  surface  of  the  solid  dielectric,  and  the  time  limit  introduced  by  the 
current  wave. 

What  actually  happens,  after  the  air  is  ruptured,  is  that  the  brush  dis- 
charge finally  extends  over  a  certain  limited  area  on  both  sides  of  the 
insulator.  A  comparatively  slight  increase  in  the  potential  applied  will 
now  greatly  increase  this  area.  In  nearly  all  insulators  recently  designed, 
the  solid  dielectric  is  thin  at  the  top  where  the  tension  is  ordinarily  ap- 
plied. It  follows  that  the  air  at  this  point  is  easily  ruptured,  and 
the  brush  discharge  spreads  from  the  electrodes  over  the  surface  of  the 
insulator.  Once  started,  it  requires  only  a  moderate  increase  in  the  tension 
to  cause  this  brush  discharge  and  its  accompanying  zone  of  ruptured  air, 
to  extend  such  a  distance  that  an  arc  starts  and  a  breakdown  of  the 
insulator  results.  Metal  pins  or  wires  inside  the  insulator,  cause  the 
tension  to  be  applied  directly  across  the  thinnest  part  of  the  insulator, 
while  insulating  pins  if  of  proper  quality,  form  a  part  of  the  main  di- 
electric, resulting  in  the  tension  being  applied  at  more  widely  separated 
points.  With  most  insulators  in  common  use,  conducting  or  semi-conduct- 
ing pins  have  been  employed,  and  this  accounts  for  the  very  narrow 
margin  of  safety  mentioned  by  Mr.  Converse  in  his  paper.  This  factor  of 
safety  may  be  increased,  however,  by  consistent  designing  of  the  insulator, 
or  by  the  use  of  an  insulating  pin.  It  is  thus  possible  to  increase  many 
times  the  thickness  of  the  solid  dielectric  to  which  tension  is  applied, 
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thereby  enormously  increasing  the  factor  of  safety  under  given  conditions. 
If  an  insulator  such  as  shown  by  Mr.  Converse  in  Fig.  8  be  supported  on 
an  insulating  pin,  it  will  be  impossible  to  break  it  down,  except  through 
the  main  air  path,  and  brush  discharge  will  not  start  until  the  air  in 
bulk  is  about  to  fail  between  the  points  at  which  the  tension  is  applied  — 
the  tie  wire  and  the  cross-ai'm.  This  result  is  due  to  the  fact  that  the 
solid  dielectric  is  then  of  sufficient  thickness  to  prevent  the  formation  of 
a  sufficiently  strong  electrostatic  field  to  rupture  the  air  prior  to  the 
point  of  rupture  being  reached  through  the  direct  air  path.  This  is  one 
of  the  points  to  which  I  wish  to  call  attention,  and  it  is  of  the  greatest 
importance  in  connection  with  insulator  design.  If  high  potentials  are  to 
be  applied  to  very  strong  and  comparatively  thin  dielectrics,  the  air  is 
bound  to  rupture,  and  it  will  be  necessary  to  resort  to  extreme  sizes  of 
petticoats  to  prevent  the  spreading  of  the  brush  discharge  thus  formed. 
If,  on  the  other  hand,  a  more  logical  design  be  followed,  and  the  insulator 
so  proportioned,  that  brush  discharge  will  not  result,  then  the  insulator 
may  be  strained  practically  to  the  point  of  failure  of  the  air  between 
the  points  where  the  tension  is  applied. 

Chairman  Scott;  If  we  consider  both  high-tension  commercial  service 
and  time,  I  believe  we  must  accord  to  ]\Ir.  Gerry  the  honor  of  having 
operated  at  the  highest  voltage  over  the  longest  time.  He  has  been 
operating  nominally  at  50,000  volts  but  actually  at  55,000  volts,  in  con- 
tinuous commercial  service  for  two  years  and  a  half.  His  line  is  about 
sixty-five  miles  from  the  power  house  of  the  Missouri  Power  Company, 
near  Helena,  to  Butte.  Montana.  Other  plants  have  operated  at  a  little 
higher  voltage,  others  have  operated  at  longer  distances,  but  taking  all 
together  —  high  voltage,  length  of  time,  continuity  of  service,  amount 
of  power  —  his  plant  may  be  taken  as  one  of  the  foremost  if  not  the  fore- 
most example  of  high-tension  transmission  at  this  time.  I  believe  he  told 
me  that  he  had  not  lost  an  insulator  through  break-down  on  the  line  due 
to  electrical  causes. 

Mr.  Converse:  Mr.  Gerry  prefaced  his  remarks  by  the  statement  that 
his  ideas  of  the  essential  features  in  the  design  of  an  insulator  w-ere 
somewhat  at  variance  with  those  expressed  in  my  paper.  On  the  con- 
trary, I  think  we  closely  agree  as  to  one  of  the  most  serious  defects 
in  the  design  of  high-tension  insulators,  which  is  the  lack  of  a  sufficient 
thickness  of  material  around  the  head.  Mr.  Gerry  mentions  the  brush 
discharges  which  occur  around  an  insulator,  and  I  believe  made  cer- 
tain experiments  with  dielectrics  of  diflferent  shapes  in  order  to  show 
the  character  of  the  brush  discharges.  He  then  applies  the  experiments 
in  the  design  of  an  insulator  and,  I  infer,  finds  the  proportions  of  the 
insulator.  ]Mr.  Gerry's  analysis  discloses  nothing  new,  and  its  results 
are  rather  doubtful.  It  would  seem  to  be  desirable  to  devise  some  way  of 
measuring  the  potential  differences  between  the  various  parts,  in  order 
to  determine  the  rational  design.  I  am  inclined  to  agree  with  Mr.  Gerry 
that  wooden  pins  have  been  burned  by  the  brush  discharges  and  not  by 
surface  leakage  of  current.  As  to  whether  an  iron  pin  will  become  a 
detriment  in  a  very  high-voltage  insulator,  I  am  in  doubt;   but  incline 
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to  the  belief  that  it  may  be  found  to  be  the  means  of  securing  the  proper 
distribution  of  potential. 

Dr.  F.  A.  C.  Perrine:  In  these  two  papers,  two  essential  elements  in  in- 
sulator design  are  stated,  namely,  that  the  potential  gradient  from  wire  to 
ground,  whether  the  ground  be  pin  or  whatever  it  be,  shall  be  as  gradual 
as  possible,  and  that  all  surfaces  exposed  shall  allow  as  complete  a  distribu- 
tion of  potential  as  is  possible.  These  two  principles,  I  think,  are  the 
absolutely  essential  elements  of  insulator  design,  and  it  is  fortunate  that 
in  the  midst  of  a  lot  of  floundering,  the  men  who  have  been  actually  build- 
ing high-potential  insulators  have  at  last  arrived  at  a  correct  scientific 
theory  of  the  design  of  an  insulator.  Mr.  Gerry  has,  fortvmately  for  me, 
expressed  very  clearly  the  first  principle.  If  we  have  two  surfaces  charged, 
then  the  tendency  to  break  down  the  air  is  proportioned  to  what  we  may 
call  the  potential  gradient  from  one  surface  to  the  other.  As  we  narrow 
their  distance,  the  potential  gradient  becomes  steeper  and  there  is  more 
tendency  to  discharge  around  tlieir  edges.  The  other  point  is  simply 
the  question  of  discharge  l)etween  surfaces.  We  all  know  that  if  we  have 
two  points  presented  to  each  other,  there  is  a  greater  tendency  to  dis- 
charge than  if  we  have  two  planes.  We  have  al  the  petticoat  edge  of  every 
insulator  what  is  essentially  a  line  of  discharge.  Now,  to  reduce  the 
tendency  to  discharge  from  a  line  to  any  surface,  we  have  to  present  to 
that  line  a  semi-cylindrical  surface.  If  we  have  in  equivalent  position 
a  plane  surface,  there  is  more  tendency  to  discharge  to  the  nearest  line 
in  the  plane  than  if  an  equi potential  semi-cylindrical  surface  was  pre- 
sented at  a  distance  equal  to  the  minimum  distance  of  the  plane.  In 
consequence,  in  all  insulator  designs,  we  will  have  the  least  tendency  to 
discharge  from  the  circular  line  formed  by  the  bottom  of  a  petticoat  which 
is  a  conducting  line,  as  Mr.  Gerry  has  explained,  in  every  rain  storm,  if 
the  next  surface  to  which  it  can  discharge  is  an  equipotential  surface. 
That  insulator  is  the  best  which  has  the  lowest  gradient  of  potential  from 
the  wire  to  ground  and  which  has  from  its  conducting  points  relatively 
dry  surfaces  in  the  next  step  to  earth,  which  are  described  as  circles  around 
those  conducting  points.  It  is  very  nice  to  say  that  this  is  all  theory 
Mhich  we  have  known  for  years.  That  may  be  true.  At  the  same  time 
we  have  not  been  appljing  it  for  years,  and  we  have  not  understood  its 
application  to  insulator  design,  and  it  is  only  through  the  work  of  such 
men  as  Mr.  Gerry  and  Mr.  Converse  that  we  have  been  brought  back  to 
what  Maxwell  actually  taught  us  about  insulators.  The  most  successful 
insulator  design  that  I  know  has  been  carried  out  on  these  lines,  and  that 
insulator  is  one  which  has  obtained  a  higher  value  of  its  breaking-down 
strength  than  any  other  that  I  have  knowTi  tested,  for  its  weight  and 
inches.  This  insulator,  which  I  think  weighs  about  twenty  pounds  and 
is  fourteen  inches  in  diameter  at  the  top.  has  its  end  of  petticoats  curved 
on  the  radius  drawn  from  the  line  of  discharge,  the  beginning  of  the  circle 
being  the  horizontal  distance  where  we  may  be  sure  that  it  is  dry.  This 
form  of  insulator  is  perfectly  quiet  in  operation  at  120,000  volts,  in  ordi- 
nary weather.  In  a  severe  shower  from  a  hose  it  discharges  over  at  about 
107,000  volts.  This  particular  insulator  (referring  to  another  design  in 
Mr.  Converse's  paper)   is  an  insulator  which  weighs  over  forty  pounds,  has 
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three  inner  petticoats,  and  discharges  over  at  about  2000  volts  less  than 
the  insulator  (last  described),  although  there  is  less  than  half  the  material 
in  the  latter.  The  arcing  distance  of  any  insulator  can  generally  be 
calculated  correctly  by  the  nearest  distance  between  these  points  which 
are  wet  and  the  next  neighboring  petticoat;  simply  add  those  distances 
together  and  look  at  your  table  of  sparking  distances,  and  you  will 
generally  find  very  closely  the  potentials  at  which  the  insulator  would 
discharge  under  severe  water  conditions. 

Dr.  Louis  Beli.:  One  thing  which  should  be  brought  vigorously  to  at- 
tention in  these  questions  of  insulator  design  is  the  possibility  of  getting 
practicable  porcelain  or  glass  for  the  work.  By  some  strange  fatuousness 
in  the  last  few  years  each  insulator  designer  has  striven  to  outdo  the 
others  in  size.  Now,  where  you  are  attempting  to  stop  leakage,  it  does  not 
seem  to  be  very  advantageous  to  increase  largely  the  surface  over  which 
leakage  is  possible.  One  would  say  that  the  less  area  and  the  greater 
linear  distance  along  the  line  of  potential  gradient  that  can  be  obtained, 
the  better  off  you  would  be.  The  consequence  is  we  have  had  insulators 
rising  from  five,  six,  seven,  ten  inches  in  diameter  up  to  that  bath-tub  of 
which  Mr.  G^rry  spoke,  which  could  be  guaranteed  off-hand  to  fail  simply 
on  account  of  the  impossibility  of  getting  porcelain  of  that  size  that  is 
•worth  the  power  to  blow  it  up.  You  cannot  take  a  mass  of  cheap 
porcelain  that  you  are  trying  to  produce  at  the  minimum  figure,  and  get 
any  valuable  insulating  qualities.  By  correct  design  not  only  is  it  possible 
to  get  longer  distances  so  far  as  the  striking  is  concerned,  but  it  is  possible 
to  reduce  the  size  and  weight  of  the  whole  thing  so  that  at  least  there  is  a 
possible  chance  of  getting  good  porcelain.  That,  I  think,  is  the  line  along 
which  future  design  has  to  advance  —  to  design  scientifically,  get  all  out 
of  your  material  you  can  in  the  way  of  distances.  The  dielectric  strength 
will  generally  take  care  of  itself.  I  have  seen  so  many  bad  porcelains 
turned  out  for  these  insulators,  procelains  that  you  really  wouldn't  want 
in  a  baking  dish,  the  cheapest  kind  of  porcelain,  shabby,  with  holes  in 
the  glaze  and  with  the  biscuit  of  the  porcelain  porous  enough  to  take 
up  water  like  a  sponge.  Those  bad  porcelains  come  with  an  attempt  to 
make  ^ese  enormous  structures  which  really  have  not  as  great  efficiency 
as  the  smaller  structures.  And  as  regards  the  question  of  wooden  and 
iron  pins,  as  Dr.  Perrine  has  stated,  it  comes  right  down  to  a  question 
of  potential  gradient.  If  you  think  the  insulator  will  sustain  the  potential 
gradient,  very  well.  Design  your  insulator  so  that  it  will  sustain  it  and 
you  will  have  no  trouble  with  iron  pins.  I  think  there  is  no  question  in 
the  mind  of  anybody  who  considers  an  insulator  from  the  standpoint  of 
potential  gradient,  that  if  you  had  a  porcelain  pole  you  need  not  worry 
about  your  insulators  very  much.  Well,  wood  is  a  great  deal  worse  than 
the  porcelain,  but  at  the  same  time  a  well  treated  pin,  such  as  Mr.  Gerry 
has  referred  to,  is  a  great  deal  better  as  an  insulator  than  soft  steel.  And 
if  you  are  on  the  ragged  edge  of  practicability  with  your  insulator,  you 
want  all  the  insulating  strength  near  it  that  you  can  possibly  get.  The 
question  between  wood  and  steel  seems  to  be  the  question  of  fact  as  to 
whether  we  can  get,  under  practical  conditions,  an  insulator  that  will  give 
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an  adequate  factor  of  safety  while  still  carrying  the  earth's  potential  right 
up  into  its  interior.  It  is  not  a  question  of  theory  at  all;  it  is  simply 
a  question  of  fact.  If  you  can  get  an  adequate  factor  of  safety  in  that 
way,  all  very  well. 

Mr.  E.  IviLBURN  Scott:  I  would  like  to  ask  the  author  whether  he  has 
any  experience  as  between  the  relative  values  of  brown  and  white  procelain? 
We  find  in  England  that  the  brown  is  not  such  an  attractive  mark  for  the 
small  boys'  catapult;  but  tliere  is  a  feeling  that  the  brown  is  not  so  good 
an  insulator.  Of  course,  the  main  thing  in  high-tension  insulators  is  to 
get  a  vitrified  material,  which,  when  it  is  broken,  shows  a  bright  surface 
right  through  and  which  is  not  spongey  or  absorbent.  What  method  is 
adopted  for  fastening  or  cementing  the  iron  pins  to  the  porcelain?  If 
the  iron  is  simply  screwed  into  a  thread,  the  porcelain  is  liable  to  crack 
off.  I  believe  it  has  been  suggested  that  a  worm  of  lead  should  be  placed 
between  the  threads  of  the  iron  and  the  porcelain.  If  such  has  been  tried, 
I  would  like  to  know  whether  it  has  been  successful.  If  I  might  criticise 
the  author's  design  of  a  composite  insulator,  I  think  that  a  side-stresa 
would  cause  the  edge  of  the  porcelain  to  chip  badly  where  they  come 
together.  At  the  same  time  I  consider  it  is  a  good  thing  to  cover  up 
the  pin  with  porcelain.  This  was  done  with  the  Ganz  insulators  on 
the  Valtellina  Railway;  but  the  pins  in  this  ease  were  of  iron.  With 
wooden  pins,  it  might  prevent  sparking  to  the  wood.  I  understand  that 
these  sparks  gradually  make  tiny  pin-holes,  and  it  is  only  a  question  of 
time  when  sufficient  pin-holes  will  cause  the  pin  to  collapse. 

Mr.  Convebse:  The  last  speaker  evidently  has  not  understood  that  the 
purpose  of  the  insulator  shown  in  Fig.  12  was  for  an  experiment,  and 
not  introduced  as  a  commercial  type.  Tlie  results  with  the  insulator, 
however,  are  along  the  same  lines  as  Dr.  Perrine  has  shown,  except  that 
I  think  Dr.  Perrine  furnishes  a  possible  improvement  in  the  shape  of 
the  outwardly  extending  petticoats. 

Mr.  R.  S.  Hutton:  Fig.  11  is  about  the  form  of  insulator  that  we  are 
using  on  the  coast.  The  paper  shows  one  that  has  a  little  trough  around 
the  edge  with  a  drip-point  on  it.  Those  are  the  ones  we  formerly  used, 
and  what  we  call  the  eleven-inch  insulator.  Some  of  the  types  shown 
have  given  us  trouble  down  near  the  ocean  in  the  salt-air  district,  as  we 
call  it.  Those  insulators  have  all  been  tested  on  the  rack  and  stand  the 
test;  but  after  they  are  put  on  the  line,  we  find  that  after  a  time  the 
wooden  pins  burn  off.  After  taking  one  of  these  apparently  defective  in- 
sulators from  the  line,  thoroughly  cleaning  it  off,  and  putting  it  back  on 
the  test  rack,  it  stands  the  test  of  120,000  volts  perfectly.  The  separate 
parts  of  the  first  ones  used,  were  put  together  with  sulphur,  and  we  had 
some  field  fires  that  we  were  not  .able  to  account  for.  We  afterwards 
found  out  that  it  was  due  to  the  fact  that  the  leakage  heated  the  in- 
sulator to  such  an  extent  that  the  sulphur  was  set  on  fire,  and  as  it 
dropped  down,  set  the  grass  on  fire  around  the  poles.  We  have  now 
adopted  a  metal  pin,  made  of  the  ordinary  gas  pipe;  we  are  using  P/i-inch 
pipe,  which  is  drawn  down  at  one  end  and  slightly  roughened,  so  that  a 
lead  sleeve  with  threads  can  be  cast  on.  These  we  find  have  given  very 
satisfactory  results.  We  find  this  particularly  true  for  the  reason  that 
Vol.  11  —  25 
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having  such  a  tall  insulator,  when  we  used  wooden  pins,  they  did  not 
have  sufficient  strength,  particularly  for  corner  work.  The  iron  pins 
stand  up  perfectly  straight,  keep  their  position,  providing  the  balance  of 
pole-top  is  properly  constructed.     We  have  recently  adopted  a  new  corner 
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pole-top.  (Sec  accompanying  illustration.)  Tliis  is  a  form  we  use  where 
we  have  a  heavy  angle,  even  as  high  as  a  90-degree  angle  in  a  line. 
Instead  of  setting  two  poles  for  a  corner,  we  now  use  but  one,  for  we 
very  often  find,  particularly  in  running  through  a  city,  that  it  makes  the 
construction  look  rather  unsightly,  to  put  two  polos  on  a  corner;  and  in 
giving  the  proper  distances,  between  the  poles,  it  brings  one  of  them  around 
on  the  street  directly  in  front,  in  such  a  way  tliat  it  interferes  with  peoples 
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property.  We  find  that  if  wo  put  one  pole  on  a  corner  we  can  get  along 
much  more  agreeably.  It  will  be  noticed  by  examininrr  the  illustration  that 
these  pin-holes  are  spaced  in  such  a  way  that  on  a  90-degree  angle  there 
are  22%  degrees  deflection  on  each  insulator.  With  this  arrangement, 
the  corners  stand  up  very  prettily.  The  insulators  have  no  tip  to  them 
at  all.  The  cross-arms  are  made  long  enough  in  these  cases  so  that  the 
spread  of  the  wires  is  exactly  the  same  as  it  is  in  other  parts  of  the  line. 
I  would  like  to  ask  Mr.  Gerry  if  this  type  of  insulator  has  even  been 
tested  with  a  metal  pin  or  with  a  metallic  sheeting  around  it,  with  metal 
in  the  top,  or  metal  pin? 

Mr.  Gekry:  It  was  tested  until  the  potential  went  clear  around.  When 
the  potential  was  applied  below  it  did  not  break  through.  This  applies 
to  an  insulating  pin,  the  dielectric  qualities  of  Avhich  compare  favorably 
with  those  of  the  glass.  Such  a  pin  may  be  of  wood.  Of  course,  wood 
is  not  an  ideal  material  for  an  insulator  because  it  is  unreliable  in  some 
respects,  but  by  proper  treatment,  especially  with  the  vacuum  process,  it 
becomes  an  excellent  dielectric.  With  such  a  pin  supporting  the  insulator 
the  results  will  be  as  I  have  stated. 

Mr.  Hutton  :  That  is  on  the  assumption  this  pin  is  absolutely  dry.  It 
seems  to  me  that  where  we  have  trouble  Avitli  the  fog,  the  under  part  of 
the  insulator  gets  just  as  wet  as  any  other  part.  Sometimes  we  have 
the  land  fogs  without  any  wind  whatever.  This  is  due  to  the  steaming 
of  the  land,  from  the  fact  we  have  the  under-flowing  water  in  the  gravel 
beds  and  the  coldness  of  the  atmosphere  above  makes  the  ground  steam 
and  the  fog  simply  rises  and  practically  steams  the  insulators.  The 
reason  I  asked  Mr.  Gerry  about  that  particular  test  is  because  on  this 
other  insulator  we  usually  test  by  raising  the  potential  until  the  arc 
goes  clear  around  the  insulator,  and  if  there  be  any  weak  points  we  find 
that  the  spark  strikes  at  some  point  to  shorten  the  distance,  and  I  was 
wondering  how  that  air  gap  would  stand  if  you  used  a  metal  pin.  What  I 
want  to  get  at  is  whether  that  particular  form  would  be  of  any  use  with 
a  metal  pin.  Mr.  Converse  spoke  about  the  method  of  testing  insulators, 
which  was  to  use  a  salt-water  solution.  I  would  like  to  ask  him  if 
there  are  any  reasons  why,  after  an  insulator  is  tested  imtil  the  arc  goes 
clear  around,  and  is  held  there  for  a  few  seconds  and  there  is  no  break- 
down, that  is  not  as  good  a  test  as  putting  it  in  salt  water? 

]\Ir.  Converse:  The  salt  water  being  a  conductor,  it  serves  to  make 
connection  all  around  the  head  of  the  insulator,  and  all  around  in  the 
thread  where  the  pin  goes,  thus  giving  a  much  better  contact  than  could 
be  obtained  with  metal.  Also,  in  the  ease  of  a  porcelain  insulator,  if 
there  are  any  cracks  or  flaws,  or  if  there  is  any  tendency  to  absorb 
moisture,  the  salt  water  will  percolate  through  and  expose  the  defects. 

Sig.  F.  Carini  :  In  answer  to  question  of  Mr.  E.  Kilburn  Scott  about 
the  brown  glaze  insulators,  there  is  a  diflference  between  brown  glaze 
and  white  glaze  insulators,  namely,  the  brown-glaze  insulators  are  usually 
made  of  common  stoneware,  and  only  have  a  very  thin  layer  of  glaze 
composed  of  silicate  of  soda,  produced  by  the  decomposition  of  salt, 
whilst  the  white  porcelain  has  a  very  thick  layer  of  silicate  of  alumina  and 
lime.     Concerning  the  wooden  or  iron  pin,  we  have  always  used  iron  pins 
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in  Italy,  having  never  had  any  occasion  to  use,  or  to  ask  for,  wooden 
pins,  and  are  quite  satisfied  with  our  iron  pins.  As  to  attaching  the 
iron  and  the  porcelain,  we  have  tried  the  lead  cap;  we  cement  a  thin 
copper  cap  inside  of  the  insulator,  and  this  system  has  been  lately  pat- 
ented throughout  the  world.  I  want  to  ask  of  Mr.  Gerry,  what  is  the  co- 
efficient of  safety  he  would  suggest  for  insulators?  I  mean,  for  instance, 
at  what  voltage  should  an  insulator,  meant  to  withstand  20,000  volts  on 
the  line,  be  tested? 

Mr.  Gerry:  That  is  always  a  matter  of  engineering  judgment.  The 
higher  the  better.  At  the  present  time  insulators  may  be  obtained  ha\'ing 
a  factor  of  safety  of  from  two  to  three,  but  as  the  art  advances  it  will 
undoubtedly  be  desirable  to  use  a  much  higher  factor. 

Mr.  T.  J.  Creagread:  In  answer  to  Mr.  Kilburn  Scott  in  regard  to 
the  fastening  of  iron  pins  to  insulators,  I  would  say  that  I  have  had  some 
little  experience  in  that  connection,  from  one  point  of  view  only  —  not  in 
the  operation,  but  in  the  design  and  manufacture  of  the  pins.  In  that 
experience  we  have  iised  two  methods,  one  of  which  is  very  common  and 
the  other  not  so  common.  In  the  case  of  a  malleable  iron  pin  attached 
to  the  cross-arm  by  means  of  a  steel  stud,  we  have  put  a  little  enlarge- 
ment on  the  head  of  the  malleable  iron,  and  fastened  this  malleable  pin  into 
the  insulator  by  means  of  a  lead  compound,  or  by  means  of  cement.  In 
the  other  case,  which  is  a  little  less  frequent  and  one  we  look  upon 
with  a  little  more  favor,  there  is  a  malleable  iron  pin,  which  has  a 
specially  designed  wooden  head.  The  particular  size  I  have  in  mind  runs 
about  8Y2  inches  above  the  top  of  the  cross-arm.  The  malleable  casting 
is  made  about  9/16-inch  in  diameter  and  it  has  an  enlargement  on  the 
head  with  a  thread  cut  upon  it.  We  screw  upon  that  a  wooden  thimble, 
in  some  cases  treated  with  oil  or  paraffine.  It  is  screwed  down  on  this 
enlarged  head,  and  that  acts  as  a  cushion  for  the  portion  of  the  glass  or 
insulator.  As  to  mechanical  tests,  we  find  that  this  insulator  will  break 
with  about  1000  pounds  of  side  stress,  which  we  look  upon  as  very  satis- 
factory. A  side  stress  of  a  thousand  pounds  per  wire  is  as  much  as  the 
ordinary  pole-line,  properly  guyed,  will  stand. 

Secretary  Bell:  The  hour  of  adjournment  is  now  slightly  overdue,  so 
that  we  will  hold  any  further  discussion  that  there  may  be  on  this  paper 
Friday  morning,  at  which  time  will  be  taken  up  the  paper  by  Messrs. 
Kelly  and  Bunker.    Upon  motion,  the  Section  adjourned. 

,  FRIDAY  MORNING  SESSION,   SEPTEMBER   16. 

Chairman  Scott  :  The  work  of  the  morning  will  begin  with  the  reading 
of  the  paper  postponed  from  yesterday,  that  of  Mr.  Kelly  and  Mr.  Bunker. 


SOME  DIFFICULTIES  IN  HIGH-TENSION  TRANS- 
MISSION AND  METHODS  MITIGATING  THEM. 


BY  J.  F.   KELLY  AND  A.  C.  BUNKER. 


In  discussing  the  conditions  which  affect  and  limit  the  oon- 
etants  and  operation  of  higli-tension  lines,  pressures  of  over  30,000 
volts  and  lines  of  over  50  miles  in  length  only  Avill  be  considered. 

The  usual  relations  between  voltage  and  length  of  line,  niamely, 
"  1000  volts  per  mile,"  or  "  the  pressure  in  thousands  of  volts, 
equals  one-third  the  number  of  miles,''  cannot  be  applied  generally 
until  all  sources  of  interruptions  are  taken  into  account,  so 
that  the  length  of  transmission  does  not  altogether  determine 
the  voltage  to  be  used,  for  a  voltage  as  high  as  possible  will  be 
used  and  its  value  be  determined  from  local  and  climatic  condi- 
tions. 

These  will  be  the  principal  factors  in  the  design  of  any  line,  as 
all  the  o-ther  constants,  except,  perha]>s,  the  kind  of  conductor,  are 
interdependent  upon  them.  Since  there  is  always  some  doubt  as 
to  the  successful  maximum  operating  voltage  which  these  con- 
ditions will  permit,  and  just  how  the  line  will  be  affected,  it  is 
well  so  to  design  the  step-up  and  step-down  apparatus  that,  with- 
out seriously  affecting  its  capacity,  several  voltages,  say  30,  40,  50, 
and  60  kilovolts,  or  even  higher,  can  be  obtained  at  will.  This 
arrangement  will  permit  the  power  to  be  transmitted  with  the 
highest  possible  voltage,  and  the  causes  which  prevent  the  use  of 
the  next  higher  pressure  can  be  studied  and  overcome  if  possible. 
As  a  new  plant  is  usually  started  ■with  a  load  less  than  its  capacity, 
there  will  be  no  serious  decrease  in  the  efficiency  by  this  method  of 
experimenting. 

The  principal  causes  of  interruption  of  the  supply  of  power  in 
the  past  and  at  the  present  time  are :  Open-circuit,  grounds,  short- 
circuits,  and  other  circuit  changes  which  produce  oscillations, 
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These  are  directly  and  indirectly  traceable  to  weak  insulators, 
lightning,  defective  pins,  burning  of  poles  at  the  ground,  storms, 
and  to  a  class  which  might  be  called  unexpected  sources.  All  the 
above  may  not  be  oomnion  to  one  locality,  but  all  may  exist  on  a 
single  system.  It  may  be  said  that  where  the  quality  and  design 
of  the  apparatus  and  accessories  for  tlie  generating  and  sub-sta- 
tions have  been  selected  with  regard  to  their  requirements,  and 
where  such  are  afterward  intelligently  handled,  almost  the  entire 
list  of  troubles  which  are  at  the  present  time  affecting  the  con- 
tinuity of  power  service,  may  be  credited  to  the  line. 

In  designing  a  transmission  line,  experience  has  shown  that  the 
most  careful  study  of  local  and  clima.tic  oondition.s  should  be 
made  in  order  that  all  the  facts  and  data  bearing  on  these  and  their 
probable  effects  may  be  obtained. 

It  has  been  demonstrated  that  one  transmission  line  for  voltages 
over  30,000  will  not  give  continuous  service  except  when  ideal 
climatic  conditions  exist.  There  is  one,  and  possibly  two,  plants 
that  have  given  continuous  service  for  more  than  a  year,  -with 
two  circuits  each,  and  with  climatic  conditions  better  than  gen- 
erally exist.  It  is  believed  that,  in  some  localities,  even  with  du- 
plicate lines,  the  best  insulators  obtainable  at  present,  and  vrith 
perfect  circuit-breakers,  the  maximum  voltage  which  would  per- 
mit continuous  operation  or  delivery  of  power  would  be  40,000 
volts,  or  possibly  50,000  volts  with  the  utmost  care  and  diligence. 

The  selection  of  the  line-insulators  depends  entirely  upon  the 
voltage,  mechanical  strength  required,  and  the  localities  through 
wliich  the  line  passes,  more  particularly  the  latter,  as  lines  have 
been  operated  at  45,000  volts  with  two  or  three  types  and  sizes 
of  insulatoTs  in  as  many  different  sections.  The  design  of  the 
insulators  should  be  such  as  to  give  the  smallest  amount  of  still-air 
space  and  the  greatest  acc-essibility  for  wiping  by  hand.  Fog  oc- 
curring at  the  same  time  or  intennittent  with  soil,  factory,  or  car- 
dust  is  one  of  the  surest  causes  of  trouble,  and  reduces  probably, 
to  the  greatest  extent,  the  effective  commercial  size  and  value  of 
insulators.  Upon  examining  a  large  number  of  insulators  which 
had  to  be  removed,  it  Avas  found  that  the  dust,  with  which  they 
were  coated,  was  thickesit  in  the  sitill-air  spaces,  and  was  as  thick 
on  the  vertical  as  on  the  horizontal  surfaces.  It  has  been  found 
that  where  insulators  were  subjected  to  fogs  or  dust  alone  (except 
sea-fog),  the  same  number  of  troubles  did  not  occur  as  when  both 
appeared  together.     Where  insulators  are  covered  with  dust  parts 
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of  each  year,  it  has  been  necessary  to  shut  down  the  circuit  from 
one  to  three  times  during  the  dust  season  to  wipe  them  clean. 
This  can  be  done  while  in  position  and  without  disturbing  them 
unless  they  are  found  to  be  damaged. 

The  fact  that  insulators  are  successfully  tested  for  high  voltage 
before  they  are  put  up  does  not  necessarily  prove  that  they  will 
not  cause  any  trouble  when  on  the  line.  Insulators  which  were 
tested  for  120,000  volts  water  test  for  one  minute  have  given 
trouble  in  less  than  a  month  after  being  placed  on  a  40,000-volt 
line.  Other  types  whieh  had  stood  40,000  volts  waiter  test  for  five 
minutes  have  been  known  to  be  unsatisf actor}-  for  13,000-volt  city 
(overhead)  service,  though  this  would  not  hold  in  every  city.  The 
greatest  value  of  electrical  test  for  insulators  before  being  used  is 
to  determine  whether  the  various  parts  are  homogeneous  and 
whether  they  have  been  properly  cemented  together. 

If  an  insulator  was  made  up  of  three  separate  pieces,  each 
having  been  tested  for  say  80,000  volts  before  cementing,  it  does 
not  follow  that  the  completed  insulator  will  stand  240,000  volts 
or  even  120,000  volts.  The  striking  distance  of  the  completed 
insulator,'  together  with  the  quality  and  manner  of  cementing,  de- 
termines very  largely  the  final  test  voltage,  even  though  they  have 
sufficient  creeping  surface  for  a  higher  voltage. 

In  cementing  a  large  number  of  insulators  together,  it  was  noted 
that  the  percentage  broken  down  under  tesit  could  be  reduced  al- 
most one-half  by  a  little  more  care  in  the  method  of  cementing. 
When  insulators  are  glazed  together  at  the  factory,  a  uniform 
insulator  should  be  obtained.  The  conditions  for  transmission 
are  very  good,  if,  for  continuous  use,  1  per  cent  of  the  insulators 
does  not  have  to  be  replaced  each  year.  Taking  a  circuit  having 
12,000  insulators  installed,  there  would  be  at  least  120  renewals 
each  year.  Each  poor  insulator  is  liable  to  cause  a  disturbance  or 
interruption,  and  the  system  might  be  subjected  to  an  average  of 
10  per  month. 

If  some  seasons  of  the  year  are  more  severe  on  insulators  than 
others,  there  may  be  more  than  30  cases  of  trouble  per  month. 
It  has  been  observed  that,  where  insulators  were  giving  trouble  on 
a  line  operating  at  40,000  volts,  reducing  the  pressure  to  30,000 
volts  did  not  produce  a  like  or  immediate  decrease  in  the  num- 
ber of  insulators  broken  per  month.  The  total  number  remaining 
seemed  to  be  in  a  more  or  less  weakened  condition,  and  would 
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continue  to  break  down  after  the  line-pressure  was  reduced,  though 
after  a  certain  period  of  time,  the  breakage  per  month  was  less. 

The  difficulties  of  taking  care  of  lightning  discharges  increase 
much  more  rapidly  than  the  line-pressure,  for  the  reason  that  an}' 
disturbance  or  change  in  circuit  conditions,  produced  by  getting 
rid  of,  or  dissipating,  a  charge  in  a  circuit  having  high  voltage 
and  high  inductive  and  capacity  reactances,  may  set  up  oscillations 
which,  if  not  serious  to  apparatus,  are  disastrous  to  regulation  and 
service.  Various  combinations  and  multiples  of  low-voltage  types 
of  arresters  have  been  used,  but  where  these  have  not  had  the 
proper  addition  of  a  resistance,  they  have  seldom  failed  to  be  com- 
pletely destroyed  when  the  particular  stroke  or  circuit  change 
occurred.  It  has  been  clearly  shown  that  the  same  arrester  could 
not,  without  special  adjustments,  be  used  on  all  parts  of  the  cir- 
cuit, and  that  arresters  performing  their  function  for  a  lightning 
stroke,  or  taking  the  kick-back  from  a  short-circuit  opening,  when 
a  given  number  of  generators,  length  of  line,  or  transformers  were 
in  circuit,  would  not  so  operate  for  another  number  of  generators, 
transformers,  or  length  of  line.  This  may  have  been  due  to  the 
increased  inductance  in  circuit  obtained  from  a  smaller  number  of 
generators  or  transformers,  to  a  longer  length  of  line,  to  the  nature 
and  duration  of  the  arc  in  opening  the  short-circuit,  or  to  any 
number  together  of  tliese  conditions.  AVhere  a  resistance  is  used 
with  any  type  of  arrester,  in  order  to  keep  the  value  of  cun-ent 
which  would  flow  over  the  airresters,  to  a  given  percentage  of  the 
load-current,  the  amount  should  be  such  that  five  or  six  times  the 
normal  impressed  voltage  can  be  taken  care  of. 

A  modified  form  of  the  Siemens'  arrester  has  been  used  on  cir- 
cuits up  to  oO,000  volts  with  a  fair  degree  of  success  when  they 
were  correctly  adjusted  for  the  different  positions  of  the  circuit, 
and,  where  a  resistance  was  placed  in  series,  the  voltmeter  cards 
were  not  painted  badly  when  lightning  or  a  short-circuit  occurred. 
This  design  can  be  greatly  improved,  and  no  doubt  would  give 
very  good  results  and  thoroughly  protect  connected  transformers. 
Their  low  cost,  ease  of  construction,  and  their  outdoor  service- 
ability are  points  in  their  favor. 

Perhaps  the  most  reliable  arrester  is  one  consisting  of  an  in- 
ductance and  condensanc'e  in  parallel,  so  that  any  frequency  varia- 
tion from  the  normal  would  cause  a  certain  value  of  current  to 
flow.  This  type,  immersed  in  oil,  would  be  rugged,  and  could 
easily  be  adjusted  for  any  position  of  the  circuit. 
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One  of  th.e  best  means  of  dissipating  an  induced  charge  or 
stored  energy  in  a  line  is  by  having  a  distributed  load  along  the 
circuit.  If  this  load  has  a  grounded  neutral,  the  effect  of  a  light- 
ning stroke  will  be  greatly  reduced  and  more  easily  taken  care  of 
by  the  regular  arresters.  The  star-connocted  line  with  grounded 
neutral  has,  however,  some  disadvantages  of  equal  importance, 
which  should  be  carefully  considered  before  being  adopted. 

In  practice,  next  to  troubles  from  liglitning,  short-circuits  on 
long  lines  of  low  ohmic  and  high  inductive  and  condensive  react- 
ances produce  the  most  serious  consequences.  It  is,  therefore,, 
necessary  to  use  accessory  apparatus  which  will  discharge  the 
circuit  between  wires,  as  well  as  between  circuit  and  ground.  This 
point  should  not  be  lost  sight  of  in  the  selection  of  arresters,  and 
in  their  connection  to  the  circuit.  When  a  line  is  short-circuited 
from  any  cause,  there  is  a  rush  of  current,  the  value  of  which  de- 
pends upon  the  impressed  voltage  and  the  impedance  of  the  cir- 
cuit up  to  the  point  of  the  short-circuit.  When  this  current  is 
suddenly  interrupted,  the  voltage  induced  depends  upon  the  con- 
stants of  the  circuit  and  increases  in  value  with  the  length  of 
circuit,  distance  between  wires,  the  amount  of  inductance  of  the 
connected  apparatus,  the  inductance  of  the  rupturing  arc  and  its 
duration,  the  impressed  voltage,  and  the  instantaneous  value  of 
the  current  when  the  short-circuit  is  opened.  This  induced  volt- 
age will  be  small  or  of  little  importance  if  the  short-circuit  is 
opened  at  or  near  the  zero  value  of  the  current.  In  operation,  in- 
duced voltages  have  been  observed  Avhen  opening  a  40,000-volt 
100-mile  line  when  short-circuited,  of  from  2|  to  6  times  the 
normal  voltage,  as  measured  by  the  length  of  air-gap  broken  down 
by  the  kick-back.  In  the  more  severe  cases,  some  point  of  the 
system  usually  suffers;  that  is,  there  will  be  a  discharge  or  arc 
across  some  point  of  the  line  or  transformer  terminals,  a  punctur- 
ing of  transformer  coils,  break-down  of  insulators,  the  destruction 
of  lightning-arresters,  or  some  other  like  effect.  In  nearly  every 
case  the  circuit  is  put  out  of  service  unless  efficient  arresters  are 
used.  The  fact  that  there  is  not  more  damage  done  than  would 
seem  likely  from  the  voltages  observed  is,  no  doubt,  due  to  the 
property  of  solid  dielectrics  of  withstanding  momentarily  very 
high  voltages  and  which  would  be  punctured  in  an  interval  of 
time.  Air  having  the  property  of  breaking  down  immediately 
upon  the  application  of  the  proper  voltage   for  the  gap  is  the 
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probable  reason  why  these  manifestations  more  commonly  occur 
in  air,  from  terminals,  and  around  other  dielectrics. 

The  troubles  from  the  charring  of  wooden  pins  were  due  to  the 
continual  leakage  of  current  over  dust-coated  insulators.  In  some 
localities,  pins  would  last  only  from  one  to  three  months.  This 
was  entirely  corrected  by  placing  a  metal  short-circuit  around  the 
pin.  Molding  at  the  thread,  which  is  often  noticed  where  the 
line  passes  through  a  marsh,  can  be  prevented  only  by  the  use 
of  a  metal  pin.  Several  lines  have  now  been  equipped  with  s-teeJ 
pins  and  no  new  troubles  have  developed,  but,  on  the  contrary,  a 
decided  decrease.  It  would  seem  that  for  large  high-pressure  lines 
steel  pins  should  be  used  exclusively.  Their  initial  cost  is  from 
one  and  a  half  times  to  twice  the  price  of  wooden  pins,  though 
cheaper  in  the  end.  Soft  lead  gives  better  results  for  the  thread 
than  any  composition.  The  moulds  should  be  made  so  that  enough 
lead  can  be  used  to  extend  a  little  Avay  below  the  bottom  of  the 
thread,  as  this  will  give  a  good  bearing  to  the  insulator  over  and 
above  that  obtained  from  the  thread.  This  will  greatly  add  to  the 
mechanical  strength  of  the  insailator  and  of  the  line,  as,  -with  the 
ordinary  pin,  the  insulator  is  the  weakest  element  of  the  line. 
Precaution  should  be  taken  to  have  the  thread  portion  short 
enough  so  as  not  to  come  in  contact  with  the  top  of  the  insulator. 
This  will  prevent  the  tops  being  forced  off  when  the  insulators 
are  put  on  the  pins,  and  will  allow  a  firm  seat  at  the  other  end 
of  the  thread. 

The  service  given  by  wooden  pole-line  construction  is  subjected 
to  interruptions  from  falling  and  burning  poles,  due  to  decay, 
freshets,  forest  or  grass  fires,  the  large  number  of  insulated  points, 
and  from  the  necessary  short  length  of  the  poles.  The  decay  of 
poles  can  be  greatly  lessened  by  continual  inspection  and  care  after 
they  aire  up.  The  idea  that  poles  of  the  right  kind  of  wood  for 
the  soil  can  be  placed  in  the  ground  and  last  for  10  or  20  years 
has  been  the  cause  of  noany  and  costly  repairs.  One  6-yoar-old 
redwood  line,  with  butts  treated  before  raising,  had  to  have  33  per 
cent  stubbs.  Another  redwood  line,  untreated,  had  to  have  10 
per  cent  stubbs  in  three  years.  Another  line  of  untreated  cedar 
poles  required  35  per  cent  stubbs  in  six  years.  In  long  lines  and 
even  in  some  short  ones,  soils  may  be  found  that  have  an  entirely 
different  effect  upon  the  life  of  the  same  wood. 

Engineers  are  many  times  prevented  from  buying  poles  at  the 
proper  time  to  have  them  cut,  on  account  of  the  interest  charge 
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on  the  cost  of  the  poles  and  erection,  from  the  time  the  poles  are 
paid  for  to  the  time  when  the  wires  are  strung.  The  freight  and 
hauling  charges  on  from  one-fourtli  to  one-third  more  weight  will 
offset  a  large  amount  of  the  interest  charge.  The  result  is  that 
the  poles  are  put  in  green  and,  unless  they  are  afterward  treated, 
decay  will  begin  in  a  short  time.  If  it  is  possible  to  obtain  sea- 
soned poles,  their  life  will  be  much  increased  by  thoroughly  treat- 
ing the  butts  before  raising  than  by  any  subsequent  single  treat- 
ment. When  green  poles  are  used,  no  treatment  should  be  given 
before  raising,  but  the  butts  should  be  treated  after  the  first  dry 
season,  and  retreated  every  second  or  tbird  season  after,  this  de- 
pending upon  the  material  used  and  condition  in  which  the  pole 
is  found.  There  are  on  the  market  several  kinds  of  treating  ma- 
terial AV"hich  are  sihowing  good  results.  This  after-treatment  con- 
sists in  digging  away  the  earth  from  the  pole  for  about  18  ins. 
below  ground-line  and  treating  this  surface,  together  with  that 
18  ins.  above  ground-line,  after  the  decay  and  earth  have  been 
cleaned  off.  The  old  ground-line  should  then  be  changed  by  bank- 
ing earth  up  around  the  pole.  The  cost  of  this  treatment  varies 
from  $0.60  to  $1.00  per  pole,  depending  upon  the  location  of  the 
poles  and  the  kind  of  material  used. 

"  At  the  same  time  the  butts  are  treated,  the  pole-tops,  gain 
cracks,  and  ends  of  the  arms  under  the  dead  circuit  should  be 
painted.  This  is  the  best-known  method  whereby  wooden  con- 
struction, as  a  general  thing,  can  be  made  to  last  the  so-stated  20 
or  25  years. 

The  burning  of  the  poles  at  tlie  ground  has  been  the  cause  of 
interruptions  even  where  the  line  was  patroled  twice  a  day,  but 
the  remedy  is  simply  a  question  of  persistence  and  expense  in 
keeping  the  right  of  way  cleared  of  all  gTowth.  It  might  be  noted 
here  that,  even  with  a  generous  right  of  way  kept  cleared,  the 
wind  may  carry^  the  heat  from  a  fire  toward  the  line.  Two  cases 
aire  on  record  where  the  heat  from  a  forest  fire  along  a  pole-line 
was  not  great  enough  to  harm  in  any  way  the  wood  arms  or  poles, 
but  did  cause  large  numbers  of  glass  insulators  to  crack  and  fall 
to  the  ground.  Porcelain  is  less  affected  by  heat  tlmn  glass,  and 
probably  would  not  have  caused  as  much,  breakage. 

Some  of  the  unexpected  sources  of  trouble  show  how  detailed 
must  be  the  design  and  care  of  a  line,  and  what  insignificant  and 
harmless-looking  objects  and  occurrences  may  cause  the  complete 
shut-down  of  a  circuit.    After  everj'thing  imaginable  has  been  con- 
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sidered  and  provided  for,  there  may  still  be  accidents.  One  case  is 
known  where  some  dried  hay  was  carried  up  into  a  40,000-volt  line, 
with  the  result  that  it  was  set  on  fire  and  produced  an  ajx3  tliat 
shut  off  the  power.  The  burning  hay,  being  carried  on  by  the 
wind,  did  considerable  damage.  On  another  line,  a  flock  of  peli- 
cans flew  into  the  telephone  circuit  which  was  strung  several  feet 
below  the  power  wires.  The  span  was  something  over  600  ft.,  with 
a  sag  of  19  ft.  The  telephone  wires  were  struck  so  hard  as  to 
wrap  them  around  the  power-circuit. 

Another  case  was  where  a  long  piece  of  light  bark  was  blown 
several  rods  across  a  42-in.  line,  with  the  usual  result.  On  the 
same  line,  during  one  season,  there  were  three  interruptions,  in  one 
locality,  caused  by  large  birds  getting  across  two  of  the  wires. 

The  falling  out  of  step  of  synchronous  apparatus,  while  not  fre- 
<]uent,  does  happen  and,  unless  the  breakers  operate  promptly, 
other  apparatus  may  add  to  the  trouble  and  the  circuit  be  opened. 
On  the  other  hand,  with  proper  attention  to  field  strengths,  syn- 
chronous motors  have  several  times  been  known  to  keep  in  step 
during  temporary  short-circuits  on  their  connected  direct-current 
generators,  the  direct-current  breakers  being  purposely  set  at  a 
high  current  or  tied  in. 

The  question  as  to  whether  wooden  poles  or  steel  towers  should 
be  used  for  a  given  transmission  will  be  detemiined  by  the  advan- 
tages of  one  over  the  other  for  the  conditions  to  be  met. 

In  countries  where  wooden  poles  are  plentiful  and  inexpensive, 
it  is  probable  that  every  expedient  will  be  resorted  to  before  steel 
towers  are  used. 

One  of  the  principal  advantages  of  wooden  construction  is,  that, 
in  case  an  insulator  is  broken,  allowing  the  wire  to  come  against 
the  arm  or  pole,  the  burning  which  takes  place  almost  immediately 
in  most  oases  may  continue  for  several  minutes  before  a  blaze  is 
started  which  will  short  the  circuit.  Several  times  it  has  been 
observed  that  from  20  to  30  minutes  elapsed  from  the  time  trouble 
was  first  noted  by  the  ammeters  or  telephone  until  it  was  neces- 
sary to  shut  off  the  circuit.  In  one  case  a  40,000-volt  (grounded 
neutral)  wire  lay  on  a  dry  cross-arm  for  several  hours  before  the 
circuit  could  be  shut  off,  and  at  the  end  of  the  time  the  arm 
was  not  badly  charred.  With  a  duplicate  line,  ample  time  would 
in  most  cases  be  given  for  changing  from  one  circuit  to  the  other, 
or  to  cut  out  the  affected  circuit,  providing  the  telephone  line  was 
operative  or  the  men  at  both  ends  recognized  the  difficulty. 
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For  the  past  four  years,  engineers  have  tried  to  adopt,  where 
possible,  steel  towers,  instead  of  wooden  poles,  as  a  means  of  cor- 
recting a  large  number  of  line  troubles. 

At  first  thought,  towers  would  seem  to  solve  all  difficulties  pre- 
viously experienced  and  certainly  do  eliminate  a  great  many.  The 
spans  can  be  increased,  so  that  as  few  as  eight  towers  per  mile 
can  be  used  with  safety.  This  would  greatly  reduce  the  number 
of  insulators  which  can  be  larger,  and  the  means  fox  their  attach- 
ment to  the  towers  can  be  quite  elaborate  without  exceeding  the 
cost  of  the  other  construction.  The  height  of  towers  can  be 
greater,  which  will  decrease  troubles  from  wires,  branches,  and 
other  material  being  thrown  or  blown  across  the  circuit  and  reduce 
the  breakage  of  insulators  from  the  heat  of  forest  or  grass  fires. 
If  galvanized,  or  painted,  occasionally,  their  life  would  be  greater 
than  could  be  expected  of  wooden  construction. 

Towers  can  be  erected  in  places  even  more  difficult  of  access, 
since  they  can  be  taken  apart  in  pieces  of  lighter  weight  than  a 
vrooden  pole.  They  would  offer  a  more  or  less  good  lightning  path 
to  ground  which  would  help  to  prevent  the  injury  to  connected 
apparatus,  but  ^vill  no  doubt  subject  each  insulator  to  greater 
strains.  Any  leakage  around,  or  puncturing  of,  an  insulator  will 
mean  the  immediate  shut-down  of  the  circuit,  and,  in  order  to 
prevent  the  shut-down  of  the  entire  system,  overload  and  reverse 
circuit-breakers  of  the  best  possible  design  will  have  to  be  used. 

Auxiliary  insulation  of  sufficient  mechanical  strength  could  be 
used  to  reinforce  the  insulators  carrying  the  conductors,  as  the 
towers  would  be  able  to  carry  considerably  more  weight  than 
wooden  poles  for  the  same  cost  per  mile. 

The  most  economical  design  of  a  tower  is  not  suitable  for  a  good 
many  places  where  the  line  would  have  to  be  erected,  and  could 
only  be  universally  used  on  a  private  right  of  way.  On  railroad 
rights  of  way,  narrow  county  roads,  village  streets,  etc.,  the  spread- 
ing base  w^ould  not  be  allowed,  and  resort  Wx3uld  have  to  be  made 
to  steel  poles,  which  for  the  same  strain  and  height  would  be 
more  expensive. 

The  distance  between  wires  is  usually  determined  from  the 
highest  voltage  which  can  reasonably  be  expected  as  a  limit,  as 
determined  above.  The  rule  that  the  distance  between  wires  in 
inches  equals  one  and  one-half  times  the  number  of  thousands  of 
volts  is  safe  so  far  as  the  striking,  or  repeating,  distance  is  con- 
cerned, though  to  correct  for  arcs  holding  on  for  a  time  after  once 
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established  would  be  impossible.  WTiere  the  cost  of  erected  poles 
is  high,  or  the  right  of  way  expensive,  two  circuits  per  pole-line 
should  be  used,  and,  with  good  wooden  construction,  mecliandcal 
difficulties  would  limit  the  distance  between  wires  to  at  most 
€>0  ins.,  which  would  allow  a  line  voltage  of  say  50,000  or  60,000. 
This  distance  between  wires  is  for  spans  not  over  150  ft.  to  200  ft. 
The  size  of  wire  is  determined  from  the  load,  voltage,  length  of 
line,  losses  allowable,  etc.  Five  per  cent  energy  loss  per  50  miles 
with  60-cycle  frequency  gives  a  line  which  can  be  taken  care  of, 
but  a  smaller  loss  should  be  obtained  where  important  lighting 
service  is  had  in  connection  Avith  a  fluctuating  load.  On  account 
of  the  distance  and  pressure,  a  charging  current,  at  no  load,  is 
required  of  the  plant,  which  at  60  cycles  and  one  line  100  miles 
long,  or  30  cycles  and  two  lines,  would  require  a  generator  as 
large  as  2000  kilowatts,  so  that,  unless  more  than  this  capacity  had 
to  be  delivered  as  load,  the  system  would  not  be  economical.  In 
order  to  be  perfectly  flexible,  this  amount  of  power  would  have 
to  be  carried  over  one  circuit.  The  wire  would,  therefore,  be 
large  enough  for  mechanical  reasons,  and  the  energy  loss  per  in- 
sulator, or  per  unit  length,  would  be  negligible,  except,  perhaps, 
for  voltages  over  60,000. 

There  is  one  plant  in  operation  which,  if  the  energy  loss  per 
insulator,  or  unit  length,  was  as  much  as  calculated  from  experi- 
ments, it  would  not  be  able  to  deliver  load. 

In  stringing  the  conductors,  especially  if  they  are  of  aluminum, 
attention  must  be  given  to  the  temperature  at  the  time  the  wires 
are  tied  in.  This  might  seem  to  many  to  be  a  useless  and  tedious 
process;  but  a  set  of  curves  showing  the  sags  for  given  spans  and 
temperatures,  in  the  hands  of  a  careful  line  foreman,  will  give 
a  line  good  in  appearance,  and  at  all  times  .safe  from  overstrains. 
It  is  not  so  important  to  know  what  the  maximum  sag  for  maxi- 
mum temperature  will  be,  as  the  maximum  strain  at  lowest  tem- 
perature, with  sleet,  if  any,  taken  into  account.  Aluminum  cables 
are  made  which  are  as  strong  as  copper  for  the  same  conduotivity. 
When  conductors  are  given  the  proper  sag,  a  given  safe  tension, 
:an  be  maintained  for  longer  spans  than  would  ordinarily  be  used 
in  transmission  work.  There  are  a  number  of  spans  over  600  ft. 
in  length,  and  have  been  in  operation  for  two  or  three  years. 
These  have  been  closely  watched  during  wind-storms,  to  see  what 
deflection  would  be  given  to  tlie  wires.  Three  aluminum  cables 
7/8  in.  diameter,  600  ft.  span,  19  ft.  sag,  were  deflected  from  30 
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dogs,  to  45  degs.  from  the  vertical  by  a  wind  that  was  estimated  to 
be  70  miles  per  hour.  All  three  conductors  kept  their  relative 
position  when  deflected,  and  there  were  no  perceptible  waves  or 
vibrations  in  the  cables. 

It  is  claimed  by  some  who  have  had  the  opportunity  to  notice, 
that  in  longer  spans  there  is  less  tremor,  vibrations,  or  waves 
passing  over  the  span  when  there  is  a  wind  than  when  there  is 
none. 

All  observations  of  the  writers  show  that^,  for  spans  of  600  ft. 
at  least,  there  is  no  tendency  of  the  wires  to  swing  together  in 
ordinary  storms.  Tornadoes  would  no  doubt  twist  the  wires  to- 
gether, but  that  would  not  be  the  worst  damage  done. 

The  height  of  poles  or  towers  would  depend  upon  the  sag  and 
whether  or  not  a  telephone  circuit  was  etrung  underneath.  With 
spans  of  660  ft.,  the  sag  for  aluminum  would  be  about  20  ft.,  and 
with  a  telephone  circuit  6  ft.  l^elow,  a  65-ft.  tower  would  give  a 
clearance  below  the  telephone  wires  of  29  ft. 

A  clearance  of  35  ft.  below  the  lowest  power-wires  is  little 
enough  for  places  where  a  house  or  derrick  is  liable  to  be  taken 
under. 

The  frequency  to  be  adopted  depends  upon  whether  the  power 
is  to  be  supplied  to  already  installed  apparatus  of  a  given  frequency. 
For  long  lines,  a  frequency  of  over  60  cycles  will  give  a  regulation 
dilTicult  to  allow  for.  The  lower  the  frequency,  the  better  will  be 
the  regulation  of  a  line  for  a  given  load,  the  smaller  will  be  the 
generator  capacity  required  to  charge  the  line,  and  the  voltage 
drop  will  more  nearly  approach  the  IR  of  the  circuit.  For  a 
given  line,  there  is  only  one  particular  value  of  current  where 
the  condensance  of  the  line  will  be  neutralized  by  the  inductance ; 

Note. —  It  is  frequently  stated  by  some  engineers  that  a  three-phase 
circuit  should  be  strung  with  the  base  of  the  equilateral  triangle  on  top 
in  order  to  prevent  more  than  one-phase  being  shorted  by  wires  being 
thrown  over  the  circuit  and  in  order  that  synchronous  motors  will  continue 
to  operate  until  they  can  be  thrown  on  to  another  circuit. 

If  a  sketch  is  made  of  either  a  star  or  delta  circuit,  and  a  wire  shown 
across  two  of  the  circuit  wires,  it  will  be  seen  that  two  of  the  phases 
instead  of  one  will  be  shorted,  and  that  what  remains  is  a  modified  single- 
phase,  with  varying  constants  depending  upon  the  resistance  and  the  swing 
of  the  shorting  wire. 

It  has  been  observed,  under  the  conditions,  that  a  synchronous  motor 
will,  if  carrying  load,  immediately  fall  out  of  step.  For  mechanical  rea- 
sons, it  would  be  better  to  place  the  apex  at  the  top  in  order  to  reduce  the 
pull  from  the  pole  top,  and  for  electrical  reasons,  it  would  be  as  well,  since 
the  men  in  charge  of  the  line  cannot  be  present  to  select  the  kind  and  length 
of  wire  that  is  to  be  thrown  over  the  circuit. 
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SO  that  this  fact  also  decreases  in  importiance.  The  swing  of  the 
power-factor  at  the  power-house  will  not  he  so  great  and  the  point 
of  maximum  power-factor  will  he  nearer  full  load.  For  a  new 
system,  or  where  possible,  over  30  cycles  should  not  he  used. 

With  the  general  use  of  A.  C.  railway  motors,  15  cycles  or  less 
may  he  advisable. 

The  power-wires  of  a  single-  or  double-circuit  line  should  he 
transposed  with  reference  to  the  power-taps  and  talking-points. 

Experiment  has  shown  that  transpositions  at  stated  distances 
need  not  he  made  and  may  not  give  as  good  results  as  the  first 
method.  With  two  circuits,  one  should  be  transposed  in  the  oppo- 
site direction  to  the  other;  although  there  is  one  double-circuit 
line  operating  satisfactorily  as  far  as  the  telephone  is  concerned, 
with  one  of  the  circuits  run  straight  through.  Experiments  made 
\vith  a  power-line  "without  transpositions  and  a  telephone  trans- 
posed every  fifth  mile  placed  5  ft.  below  the  power-wires,  gave  a 
pressure  to  ground  of  from  2100  volts  to  2800  volts  when  the 
line-pressure  was  40,000  volts.  With  30,000  volts,  the  telephone 
voltage  to  ground  was  reduced  in  the  same  ratio. 

By  giving  the  power-\\ires  tvvo-thirds  of  a  rotation  between 
power-taps  and  talking-points,  this  voltage  was  not  readable  on  a 
Weston  or  hot-wire  150-volt  voltmeter.  The  induced  voltage  was 
due  to  capacity,  and  in  none  of  the  tests  wa?  there  any  measure- 
able  eleotromagnetically-induced  voltage. 

The  large  number  of  fatal  accidents,  which  have  occurred  in 
the  past  from  the  telephone  circuit  being  placed  on  the  same  poles 
with  and  under  the  power-\\-ires,  would  warrant  a  separate  pole- 
line,  even  if  the  service  were  no  better. 

A  telephone  is  most  needed  at  times  of  line  disturbances,  and 
at  such  times  it  is  rarely  of  service.  The  induced  voltage  on  a 
telephone  circuit,  even  where  power-line  transpositions  are  made, 
when  one  or  more  of  the  power-wires  are  out  or  grounded,  is  high 
enough  to  be  dangerous  to  life  and  to  set  fire  to  adjacent  woodwork. 
The  distance  between  the  two  circuits  should  be  at  least  6  ft.,  and 
8  ft.  would  be  better.  In  stringing  the  telephone  wires,  the  same 
sag  should  be  given  as  to  the  power-wires.  For  lines  over  50  miles 
in  length,  copper  or  aluminum  should  be  used  instead  of  the  regula- 
tion No.  9  BB. 

The  question  of  high-tension  switches  and  circuit-breakers  is 
one  of  the  most  important  in  the  operation  of  a  system.  They 
should  be  of  the  most  approved  design  only,  and  placed  at  both 
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ends  of  a  circuit  and  at  intermediate,  or  cross-over,  points.  All 
poles  of  a  tliree-phase  switch,  or  breaker,  should  work  together 
and  not  singly.  A  switch  which  tests  satisfactorily  in  the  shop 
may  not  operate  in  service;  so  that  it  should  be  placed  in  position 
and  opened  10  or  more  times  under  the  most  severe  conditions 
with  which  it  is  likely  to  meet,  before  it  is  pronounced  safe.  All 
breakers  and  switches  should  be  provided  with  cut-out  switches  on 
each  side,  so  that  they  can  be  taken  out  of  a  live  circuit  for  repairs. 

Discussion. 

Mr.  Bunker:  There  was  a  statement  made  yesterday  in  the  discussion 
that  there  was  no  gi'ound  for  argument  on  the  advantages  of  iron  over 
wooden  pins.  There  are  some  localities  where  wooden  pins  have  no  doubt 
been  entirely  successful ;  but  as  a  general  case,  I  would  like  to  take  ex- 
ception to  that  statement,  because  there  are  plants  now  operating  where 
they  have  a  great  deal  of  trouble  with  pins,  and  some  of  the  pins  only  last 
from  one  to  six  months,  until  they  begin  to  burn  or  mould,  while  in  some 
cases  they  burn  entirely  off  within  that  time.  There  was  also  another 
statement  made  that  the  burning  of  pins  was  due  to  the  brush  discharge 
and  charging  current  of  the  pin.  I  suppose  the  charging  current  was  due 
to  the  electrostatic  capacity  of  the  insulator  itself.  It  was  not  stated 
what  the  brush  discharge  was  due  to,  but  if  there  was  a  brush  dis- 
charge around  the  insulator  it  was  either  due  to  the  fact  that  the  in- 
sulator was  not  large  enough  for  the  voltage  under  normal  conditions, 
or  else  that  the  insulator  was  covered  with  some  dust  or  dirt.  Now,  in  a 
given  line,  the  pins  are  subjected  to  the  same  static  pressure  at  all  times. 
Some  of  them  lasted  two  years  and  over,  and  have  not  been  changed  yet, 
being  apparently  as  good  as  they  ever  were,  while  in  other  localities  the 
pins  have  been  changed  as  many  as  three  times  in  one  season.  These 
were  wooden  pins,  and  I  might  say  were  made  with  as  great  care  as  pos- 
sible. The  sap  was  boiled  out  of  them^  and  they  were  then  treated  in  oil 
at  about  100  degrees  Centigrade,  so  that  the  insulation  of  the  pin,  when 
new,  was  perfect.  You  could  subject  a  pin  along  its  length  to  60,000 
volts  without  any  effect  and  could  leave  it  there  as  long  as  desired. 
The  pins  were  of  eucalyptus  wood. 

Mr.  E.  KiLBUBN  Scott  :     When  you  say  "  burning,"  what  do  you  mean  ? 

Mr.  Bunker:  When  you  put  an  insulator  on  a  line,  using  wooden  pins, 
and  everything  is  new  and  clean,  there  is  no  discharge  or  sound  from  it; 
but  after  it  stands  awhile,  in  certain  sections  you  begin  to  hear  a  dis- 
charge, and  if  you  watch  the  insulator  at  night,  you  will  see,  up  in  the 
thread  portion  underneath  the  inside  petticoat,  a  discharge  taking  place. 
This  gradually  begins  to  burn  the  wood  and  after  a  while  burns  the  pin 
entirely  off  at  the  bottom  of  the  thread.  Pin  holes  are  at  first  made  but 
after  the  char  becomes  general,  it  keeps  getting  deeper  and  deeper  as  a 
regular  burn.  There  is  only  one  remedy  for  moulding  and  that  is  a  metal 
pin.  I  am  not  able  to  state  what  would  take  place  where  a  line  crosses  a 
'fresh -water  marsh,  but  I  do  know  in  a  salt-water  marsh  that  a  pin  that 
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lasts  six  montlis  is  considered  to  be  doing  well.  That  rot  or  mould  has  a 
white  appearance  and  is  very  soft.  Wlien  you  take  the  insulator  off.  you 
can  very  easily  rub  the  threads  off  with  your  thumb.  The  treated  pin 
appears  to  mould  as  rapidly  as  the  untreated  pin.  The  pins  are  treated 
with  boiled  linseed  oil,  after  the  sap  is  boiled  out  and  drying,  then  being 
subjected  to  the  hot  oil,  but  not  in  a  vacuum. 

Dr.  Loris  Bell:  In  this  suggestion  of  treating  pins,  I  asked  whether 
they  were  treated  by  vacuum  treatment,  and  I  regard  that  as  of  funda- 
mental importance.  You  can  boil  even  a  thing  so  porous  as  a  coil  of  wire, 
in  insulating  material, —  for  instance,  melted  paraffine  —  until  you  get 
black  in  the  face  and  give  up  in  despair,  and  then  take  it  out  and  the 
insulation  will  not  have  thoroughly  penetrated.  Put  that  same  coil  of  wire, 
in  vacuo,  in  hot  insulating'  material,  and  you  see  the  gases  rush  out  of 
the  thing,  and  the  whole  surface  of  it  foams  for  minutes.  After  that  is 
over,  the  insulation  has  a  chance  to  creep  in.  I  therefore  should  ascribe 
some  troubles  to  which  Mr.  Bunker  refers,  to  the  fact  that  although  the 
pins  were  thoroughly  treated,  apparently,  there  was  no  small  amount  of 
material  which  the  insulation  did  not  fully  penetrate,  so  that  while  it 
would  hold  the  voltage  for  a  while,  the  remaining  air  and  moisture  would 
sooner  or  later  get  in  their  work,  the  air  helping  the  oxidation  and  the 
moisture  gradually  working  itself  through  the  structure.  I  should  like  to 
see  the  thing  tried  with  pins  which  had  been  very  carefully  and  thor- 
oughly dried,  to  see  whether  the  time  effect  would  take  place  to  the  same 
degree. 

Mr.  Bunker:  On  the  other  hand,  you  take  a  metal  pin  and  put  it  in 
the  same  locality  and  you  would  not  have  any  trouble  at  all. 

Dr.  Bell:  Save  perhaps  in  pimcturing  the  insulators.  I  approve  of 
metal  pins  from  a  mechanical  standpoint,  but  when  we  are  fighting  this 
high  voltage  I  think  if  we  can  get  any  insulation  strength  below  the  main 
insulator  on  which  we  depend,  we  are  so  much  better  off  in  the  desperate 
fight  against  creeping  due  to  atmospheric  moisture  and  to  dirt  accumu- 
lating on  the  insulator.  If  we  could  have  a  porcelain  pole,  in  other 
words,  we  wouldn't  have  very  much  trouble  in  protecting  insulators. 
The  more  insulating  material  we  get  in  series,  the  lower  potential 
giadient  we  have,  and  the  less  trouble  we  are  likely  to  have.  So  that  if 
it  prove  to  be  pos.sible,  as  I  hope  it  may,  to  use  some  absolutely  non- 
metallic  material  for  the  pins,  we  shall  be  vastly  better  off  than  if 
carrying  our  ground  to  within  an  inch  or  half  or  three-quarters  of  an 
inch  of  sixty  or  eighty  thousand  volts.  When  we  do  that,  we  pin  all  our 
faith  on  the  insulators,  and  insulators,  as  we  see  from  this  paper,  some- 
times fail ;   they  do  so  much  oftener  than  we  like  to  have  them. 

Mr,  E.  KiLBUBN  Scott :     How  would  you  stop  the  moulding  of  the  pin? 

Dr.  Bell:  I  do  not  believe,  with  a  properly  designed  insulator,  the 
moulding  of  the  pin,  which  is  due  largely  to  the  brush  discharge,  as  far 
as  we  have  been  able  to  ascertain,  is  going  to  take  place,  and  I  think  in  an 
iron-pin  line,  particularly  with  iron  towers,  you  are  depending  too  much 
on  the  insulator.  Anything  that  happens  to  that  insulator  means  just 
one  thing  —  a  complete  shut-down,  because  you  have  grounded  the  whole 
circuit.     As  very  properly  noted  here,  you  can  have  some  troubles  on  a' 
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wooden  pole  line  Avithout  oausinpf  that.  And  while  eventually  we  may, 
and  probably  will,  use  both  steel  pins  and  steel  towers  very  largely, 
that  being  a  matter  which  has  to  be  treated  symptomatically,  still  I  do 
not  believe  that  an  attempt  to  get  an  insulating  pin  should  be  abandoned 
at  the  present  time,  and  I  do  not  think  that  with  proper  treatment  of 
the  pins,  and  with  a  properly  designed  insulator  —  in  other  words,  an 
insulator  which  will  hold  back,  as  far  as  possible,  the  brush  discharge  — 
the  matter  of  burning  the  pin,  which  in  some  places  has  been  very  serious, 
is  going  to  take  place  to  anything  like  the  same  extent.  At  least  it  is  to 
be  hoped  so. 

Mr.  Bunker:  There  is  one  thing  I  would  again  like  to  bring  up  in 
that  connection,  and  that  is  that  when  the  insulator  and  when  the  pin 
are  new,  when  they  are  both  clean,  there  is  no  brush  discharge  that  you 
can  detect,  either  by  sight  or  sound;  the  brush  discharge  only  occurs  later 
on,  as  the  insulator  becomes  coated  with  either  fog  or  dust.  And  it  has 
been  my  experience  with  all  high-pressure  discharges  of  a  static  nature, 
where  they  were  produced  from  transformers,  that  they  immediately  set 
fire  to  combustible  material. 

Dr.  Bell:  There  is  no  doubt  that  treated  wood  has  insulating  prop- 
erties of  a  fairly  good  quality.  The  question  is  whether  they  are  perma- 
nent. With  m.any  transmission  lines,  they  have  been  using  pins  under 
conditions  which  would  lead  one  to  expect  trouble,  and  yet  the  trouble 
has  not  occurred.  Of  course,  if  the  insulators  are  allowed  to  get  dirty, 
you  will  get  dynamic  discharges  anyhow,  after  a  certain  point,  particu- 
larly if  subjected  to  salt  fog  or  anything  of  that  kind.  But  it  seems  to 
me  that  throwing  away  the  insulation  of  properly  treated  wood,  is  not  a 
thing  which  should  be  done  without  due  cause,  and  I  do  not  think  that 
the  burning  trouble  has  been  sufficiently  general  as  yet,  to  make  one  feel 
that  it  should  be  thrown  away  without  any  further  attempt  to  improve 
the  question  of  insulating  the  wooden  pins.  We  have  had  wooden  pins 
described  on  several  lines  —  for  instance,  Mr.  Gerry's  —  where  they  have 
been  in  absolutely  successful  use,  as  far  as  we  can  find  out,  and  it  strikes 
me  that  these  brush  discharges  are  due  very  largely  to  an  imperfect  design 
of  insulator.  Of  course,  where  you  have  dust  storms,  as  in  the  case  of 
some  of  the  plants  west  of  us,  which  coat  the  insulator  with  mud,  or 
Avith  moisture  which  is  more  or  less  dusty,  it  is  very  hard  to  keep  up 
the  insulation  in  any  way.  But  in  the  face  of  the  fact  that  some  of 
the  very  large  high-voltage  plants  are  using  wooden  pins  successfully,  it 
does  seem  to  me  that  throwing  up  the  game  and  depending  on  the  insula- 
tion strength  of  insulators  alone  —  which  is  great,  of  course,  but  still 
is  subject  to  failure  —  is  an  unwise  proceeding.  I  think  we  want  to 
exhaust  the  possibilities  of  an  insulating  backing  for  our  lines  before  we 
absolutely  throw  it  aside.  I  hold  no  brief  for  wooden  pins  at  all;  am 
perfectly  willing  to  use  the  steel  ones  when  I  can  get  them  combined  with 
insulators  that  will  meet  the  requirements.  But  anything  in  the  way  of 
additional  precaution  seems  to  me  justifiable. 

Mr.  N.  J.  Neall:  I  should  like  to  ask  whether  you  have  had  any  use  of 
glass  shields  for  pins? 

Mr.  Bunker:     No,  I  have  never  had  any  experience  with  glass  shields. 
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The  only  shield  we  did  have  was  a  small  sleeve  at  the  base  of  the  pin. 
This  cracked  off,  having  simply  allowed  the  dust  to  collect  around  the  pin 
and  prevented  the  rain  cleaning  it  off. 

Dr.  Bell:  The  glass  shield  was  practically  a  pretty  deep  petticoat  that 
Mr.  Gerry  used,  but  it  simply  protects  from  these  brush  discharges.  Under 
the  existing  working  circumstances  of  the  line  there  is  no  trouble  from 
that  cause.  The  pin  and  insulator,  whether  steel  or  wood,  must  be  treated 
as  a  single  structure.  The  support  of  the  line  depends  on  the  electrical 
and  mechaniciil  strength  of  both  those  elements,  and  that  is  generally  the 
weakest  point  in  a  line,  from  both  standpoints.  But  it  seems  to  me  that 
Mr.  Gerry's  immunity  from  trouble  with  pins  is  to  be  ascribed  to  his 
very  successful  and  careful  insulator  design  more  than  anything  else. 

Mr.  Bunker:     I  think  it  due  to  climatic  conditions  more  than  anj'thing. 

Secretary  Bell:     Possibly. 

Mb.  Neall:  I  think  the  insulator,  mechanically,  which  Mr.  Bunker 
has  in  line,  would  appear  to  you  as  being  the  same  as  Mr.  Gerry's;  be- 
cause the  latter  has  simply  a  sleeve  on  which  the  insulator  rests,  while 
the  former  has  a  long  sleeve  attached  to  the  insulator  and  the  space 
below  this,  where  the  pin  could  be  exposed,  has  been  covered  with  a  small 
porcelain  sleeve. 

Mr.  Bunker:  They  simply  allowed  the  dust  to  get  in,  and  there  was 
no  way  to  clean  it  out. 

Dr.  Bell:  The  absolute  difference  in  experience  between  Mr.  Gerry 
and  yourself  must  have  some  basis.  Both  insulating  systems  were  un- 
questionably built  with  skill  and  care.  The  difference  may  be  purely 
climatic.  The  fact  remains,  however,  that  Mr.  Gerry,  on  a  very  high- 
tension  line,  has  been  using  wooden  pins  with  complete  success,  so  far  as 
we  can  find  out  from  him. 

Mr.  Bunker:  The  result  to  be  obtained  is  the  smallest  number  of 
shutdowns  possible.  Now,  in  a  fog  section  we  have  had  as  many  as 
twenty-six  shutdowns  in  a  month  from  broken  insulators  and  wooden  pins. 
We  have  changed  as  many  as  600  v.ooden  pins  in  a  month.  When  we 
got  on  the  steel  pin  the  number  of  line  troubles  was  grea.tly  reduced. 
The  voltage  is  40,000,  but  even  at  30,000  volts,  if  you  can  get  better 
service  with  a  steel  pin,  that  is  what  you  Avant  to  use. 

Mr.  N.  A.  EcKART:  I  would  like  to  ask  Dr.  Bell  if,  with  pins  treated 
by  the  vacuum  process,  he  would  expect  the  trouble  to  arise  from  moisture 
still  in  the  pin  or  due  from  outside  conditions,  from  atmospheric  con- 
ditions. 

Dr.  Bell:  I  should  expect  the  trouble  would  largely  come  at  first  from 
the  fact  the  insulating  material  had  not  worked  thoroughly  into  the  pin; 
in  other  words,  had  left  it  only  partially  filled.  Second,  from  the  fact 
that  the  presence  of  moisture  and  air  remaining  would  gradually  tend  to 
damage  the  insulating  material  which  had  worked  in.  In  other  words, 
I  shouldn't  think  it  anything  remarkable  if  some  of  the  moisture,  under 
stress  of  heat  and  cold  and  diffusion  in  time  actually  got  through;  so 
as  to  damage  the  insulating  properties  which  had  been  obtained  initially. 
I  have  never  had  any  chance  to  compare,  on  a  large  scale  the  vacuimi- 
treated  pin  with  one  that  is  merely  boiled,  but  I  know,  from  considerable 
experience  in  forcing  insulation  into  material  in  general,  including  wood. 
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that  the  vacuum  process  is  the  only  way  of  getting  all  the  moist  air  out 
of  the  pin. 

Mr.  Bunker:  lliere  is  another  thing  I  would  like  to  mention  in  regard 
to  that  point,  and  that  is  the  burning  and  moulding  takes  place  inside 
of  the  insulator  above  the  lowest  contact  of  the  insulator  with  the  wood, 
so  that  you  get  very  little  oxidation  action  from  the  air.  In  fact  the 
greatest  moulding  is  at  the  top  of  the  pin. 

Dr.  Bexl:     Mainly  on  the  thread  where  the  fibers  are  cut  crosswise? 

Mr.  Bunker:     Yes,  but  it  is  away  from  the  air. 

Secretary  Bell:     Well,  partially  away  from  the  air. 

Mr.  Bunker:  But  at  that  point,  the  threads,  of  course,  are  the  moat 
saturated  with  oil. 

Secretary  Bell:     May-be. 

Mr.  Bunker:  There  is  no  question  of  that.  We  sawed  several  pins 
through  to  see. 

Chairman  Scott:  A  gentleman  who  in  recent  construction  has  con- 
centrated himself  along  the  wooden  idea,  both  in  poles,  pins,  cross-arms, 
braces  and  everything  else,  so  that  everything  is  wood  and  no  metal  at  all, 
is  Mr.  Nunn.  If  he  can  add  something  to  our  discussion  now  we  will 
let  him  have  the  opportunity  for  a  final  word  on  this  question. 

Mr.  P.  N.  Nunn  :  The  experiences  of  the  Telluride  Power  Company  seem 
to  show  that  wooden  pins  are  all  right  when  rightly  treated.  The  40,000- 
volt  Utah  transmission  was  put  into  service  in  1897,  when  16,000  was  the 
highest  voltage  elsewhere  used.  This  was  an  advance  at  one  step  from 
16,000  to  40,000  volts, —  nearly  thrice.  That  transmission  has  now  been 
in  operation  for  seven  years,  has  been  entirely  successful,  and  is  in  opera- 
tion to-day.  The  same  pins  and  insulators  used  at  the  start  are  still  in 
use  —  paraffined  locust  pins  and  Provo  type  glass  insulators.  These  have 
since  been  used  everywhere,  and  in  no  known  case  have  pins  been  burned 
cr  replaced,  except  on  account  of  broken  insulators  or  the  severest  salt 
storms.  The  insulator  has  been  criticised  in  all  quarters,  and  its  un- 
deniable success  has  been  attributed  to  the  paraffined  pin.  Xow  that  pin 
is  said  to  be  bad.  The  Provo  insulator  is  certainly  inferior  to  those  now 
generally  used  for  40,000  volts.  It  was  designed  in  the  day  of  16,000 
volts  maximum.  These  later  and  better  insulators  represent  the  advance  of 
seven  years  in  insulator  development.  The  Provo  insulator  was  known  to 
be  inadequate  to  use  with  metal  pins;  hence  they  were  used  with  wooden 
pins  impregnated  with  paraffine  by  the  following  method,  previously  de- 
vised and  since  used: 

Clear,  straight-grained  locust  pins  are  stirred  for  six  to  twelve  hours  in 
vats  of  hot  paraffine  at  150°  C.  and  then  kept  submerged  during  slow 
cooling.  If  the  pins  are  green,  the  boiling  must  begin  at  a  low  tem- 
perature, be  slowly  raised,  and  be  continued  much  longer  than  if  dry;  but 
no  matter  how  dry  they  may  be,  water  vapor  will  be  freely  liberated  for 
some  hours,  this  part  of  the  treatment  being  little  more  than  a  method  of 
kiln  drying.  While  slowly  cooling,  however,  the  condensation  of  water 
vapor  remaining  in  the  wood  provides  a  most  perfect  "  vacuiun  process  " 
which  sucks  in  the  still  liquid  paraffine.  If  a  sliver  be  removed  from  the 
center  of  a  pin  treated  in  this  manner,  it  will  be  found  well  filled  with 
paraffine. 
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On  one  occasion  during  a  severe  storm  following  a  long  period  of  dry 
weather,  partial  grounds  developed  upon  a  section  of  line  supplied  with 
insulators  from  a  certain  shipment  which  had  been  improperly  annealed. 
After  the  storm,  over  50  broken  insulators  were  removed,  yet  no  inter- 
ruption had  occurred  and  few  pins  had  been  burned.  According  to  the 
results  of  a  laboratory  test,  published  a  few  years  ago  by  a  prominent  in- 
sulator manufacturer,  the  entire  capacity  of  the  Provo  plant  should  not  be 
sufficient  to  supply  leakage  current  to  half  its  lines  in  bad  weather.  Yet 
the  facts  are  that  leakage  has  never  been  appreciable.  Wooden  pins  are 
said  to  burn  with  slightest  leakage,  yet  brush  discharge  has  rarely  been 
visible,  and  then  only  when  insulators  and  pins  have  been  heavily  coated 
by  salt  storms,  and  no  difficulty  has  been  met  from  burned  pins.  These 
salt  storms  are  believed  to  be  as  severe  as  any  sea-coast  spray,  and  it 
do^s  not  seem  probable  that  serious  trouble  would  be  met  upon  the  coast 
with  properly  paraffined  wooden  pins. 

Mr.  Buxker:  Just  one  thing  I  would  like  to  mention  in  regard  to  the 
last  remark,  and  that  is  that  where  we  removed  several  wooden  pins 
we  put  the  same  insulators  back  onto  the  steel  ones  without  experiencing 
any  trouble,  ily  argument  in  regard  to  the  iron  over  the  wooden  pins  is 
simply  as  a  general  case.  I  agree  with  you  and  Mr.  Gerry  that  in  a  great 
many  localities  wooden  pins  are  all  that  could  be  desired,  but  in  other 
localities  something  else  will  have  to  be  done,  either  in  the  treatment  of 
the  pin  or  the  use  of  steel. 

Mr.  K.  Landtmansox  :  I  should  like  to  ask  if  for  all  voltages  wooden 
pins  are  used? 

Chairmax  Scott :  I  think  I  am  right  in  saying  that  both  kinds  of 
pins  are  used:  that  in  general  wooden  pins  in  work  that  would  be  called 
transmission  work;  sometimes  where  the  wires  are  heavy,  iron  pins  are 
used.  One  difficulty  with  the  pin  on  the  higher  voltage  is  that  they 
need  to  be  large  and  consequently  the  metal  pin  is  especially  desired  on 
account  of  its  strength,  and  in  high-tension  work  the  pole  lines  are  out 
over  the  mountains  and  sometimes  have  longer  spans,  so  that  the  diffi- 
culties of  construction  and  inspection  are  greater  than  with  the  low- 
voltage  lines  which  are  not  so  long.  I  believe  I  am  correct  in  saying  that 
wooden  pins  are  generally  used  for  the  lower  voltage  work  where  they 
can  be  used.     That  is  the  preference. 

Mr.  Laxdtmanson  :  If  you  have  a  line  of,  say  50,000  volts  and  if  an 
insulator  broke  down,  have  you  found  danger  from  touching  a  pole?  I 
have  heard  that  a  man  has  been  killed  who  touched  the  wire  with  a  wet 
ladder,  and  I  think  if  we  have,  say,  50,000  volts  between  two  wires, 
and  if  an  insulator  breaks  down  and  the  wire  then  touches  the  wooden 
pins,  that  the  leakage  can  be  so  great  that  a  man  who  touches  a  pole 
can  be  killed  by  it. 

Mr.  Nunx:  Xo  one  has  ever  been  seriously  injured  in  that  way.  A 
few  poles  have  In-en  carbonized  along  a  streak  down  one  side  througliout 
their  length.  Leakage  can  be  determined  by  feeling  the  pole  near  its 
bottom. 

Mr.  E.  KiLBUR.v  Scott :  Where  you  have  great  depth  of  insulator,  I 
think  pins  made  of  malleable  iron  are  good;   because  they  can  be  made 
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witli  a  good  broad  base  to  rest  on  the  cross-arm.  Thoy  might  also  have 
a  vitrified  surface.  I  have  seen  many  articles  of  steel  or  other  metal  fur- 
nished with  quite  a  thick  coat  of  glaze  or  enamel  and  they  could  be 
dropped  on  the  ground  without  breaking  the  glaze.  I  should  think  the 
glaze  might  be  of  value  from  the  standpoint  of  insulation.  Regarding 
wooden  pins,  I  think  I  can  safely  say  that  there  is  no  such  thing  in  all 
Europe.  We  are  quite  satisfied  with  steel  pins;  but  then,  of  course,  we 
do  not  have  your  very  high  pressures.  As  I  may  not  have  an  opportunity 
of  referring  to  it  again,  I  may  mention  that  in  some  of  the  British 
colonies,  there  is  great  trouble  with  the  Avhite  ant.  If,  in  such  places,  a 
wooden  pole  were  to  be  placed  in  the  ground,  all  the  inside  wood  would  be 
eaten  away;  indeed  they  would  think  nothing  of  invading  the  cross-arms. 
The  poles  must,  therefore,  be  of  iron,  or  be  composite;  i.  e.,  have  an  iron 
socket  in  the  ground,  and  only  the  upper  portion  of  wood,  as  at  Cauvery 
Falls.  To  give  an  idea  of  what  the  white  ant  is  capable,  there  is  a  story 
of  an  Anglo-Indian  official  who  left  his  house  in  India  for  some  con- 
siderable time.  The  white  ants  penetrated  the  legs  of  a  table,  and  after 
they  had  cleaned  them  out  and  the  table  top,  they  crawled  up  and  ate  the 
inside  of  the  family  bible.  When  the  official  returned,  everything  seemed 
all  right  until  he  laid  something  on  the  bible,  when  it  went  right  through. 

Mr.  J.  S.  Peck:  One  thing  struck  me  as  rather  interesting  as  show- 
ing the  difference  of  opinion  of  eminent  engineers  on  the  same  subject. 
Mr.  Baum  told  us  a  couple  of  days  ago  that  when  you  exceed  60,000  volts 
lightning  protection  need  not  be  considered.  Mr.  Bunker  says  the  diffi- 
culties due  to  lightning  discharges  increase  much  more  rapidly  than  the 
line  pressure.  I  would  like  to  ask  Mr.  Bunker  whether  he  has  ever  tried 
the  arrangement  he  speaks  of  in  his  paper  —  that  is,  an  inductance  and 
condenser  in  parallel  with  the  lightning  arrester  and  air  gaps? 

Mb.  Bunker:  I  should  have  stated  that  it  has  only  been  tried  in 
laboratory  experiments.  That  is  Dr.  Kelly's  idea  of  an  arrester,  and  it 
has  never  been  put  in  practical  operation.  As  regards  lightning  pro- 
tection, when  the  voltage  goes  up,  I  think  nearly  everybody  will  agree 
that  inasmuch  as  the  impressed  voltage  is  a  function  of  your  troubles, 
the  trouble  is  going  to  increase.  For  instance,  at  25,000  volts  we  would 
have  very  little  trouble  as  compared  with  40,000. 

Mr.  R.  S.  HuTTON :  I  think  the  proper  construction  of  Mr.  Baum's  re- 
marks is,  that  as  lightning  arresters  had  given  considerable  trouble  at  40,000 
volts,  if  you  attempted  to  go  higher  it  would  be  harder  to  make  a  suc- 
cessful lightning  arrester.  We  know  we  have  lightning  arresters  that 
are  quite  successful  at  ten,  fifteen^,  twenty  thousand  volts.  Some  may 
have  been  made  that  are  giving  good  service  on  even  higher  voltage;  but 
it  stands  to  reason  that  when  40,000  give  trouble,  and  considerable 
trouble,  that  if  you  go  to  60,000  you  are  going  to  have  more.  Now,  Mr. 
Baum  meant  this:  That  with  the  particular  conditions  which  we  have 
on  the  Pacific  Coast,  severe  lightning  is  very  inirequent,  and  as  it  does  not 
bother  us  a  great  deal,  it  is  not  necessary  to  have  any  elaborate  system  of 
lightning  arresters.  Therefore,  the  horn  arrester  has  practically  an- 
swered the  purpose.  As  we  increase  the  insulation  on  our  whole  system, 
which  is  necessary  to  be  done,  of  course,  with  increasing  voltages.  I 
think  we  shall  have  less  trouble  from  lightning,  but  at  the  same  time  it 
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would  be  nioro  diiTicull  to  make  a  lightning  arrester  to  take  care  of  it  if 
you  did  attempt  it. 

Mr.  Peck:  I  think  the  point  you  made  last  was  the  thing  he  had  in 
mind  —  that  the  lightning  effect  is,  in  a  sense,  constant  and  that  the 
factor  of  safety  which  you  have  in  a  high-tension  plant  is  such  that  the 
lightning  effect,  added  to  the  normal  pressure,  is  not  sufficient  to  break 
down  the  system.    At  least  that  is  the  argument  I  thought  he  advanced. 

Me.  Huttox:  Mr.  Baum  stated  the  other  day  when  his  paper  wa3 
being  discussed,  that  no  poles,  to  his  knowledge,  had  ever  been  struck  by 
lightning.  Just  before  Mr.  Baum  was  connected  with  the  company,  the 
Sacramento-Colgate  line  was  struck  about  ten  miles,  I  think  it  was, 
from  our  sub-station.  The  transformers  were  connected  at  the  time  at 
both  ends  on  the  high-tension  side,  but  the  low-tension  sides  were  cut 
out  and  the  line  was  not  being  used.  Two  poles  were  completely  de- 
stroyed, Tlie  line  is  run  along  a  county  road  which  is  fenced  off  with 
barbed  wire,  and  it  tore  all  the  posts  to  pieces  in  the  span  between  the 
two  poles  and  pretty  nearly  consumed  the  barbed  wire,  but  the  line  wires 
on  the  pole  and  the  insulators  were  uninjured.  The  cross-arms  were  all 
split  to  pieces  and  lay  in  a  tangled  mass,  about  half  up  the  pole.  There 
was  not  the  slightest  kind  of  a  burn  on  the  line  wire.  Nobody  knew 
anything  about  it  until  we  tried  to  put  current  on  the  line.  As  the 
wires  were  together  in  contact,  they  did  not  get  any  chance  to  burn  from 
an  arc  and  when  we  sent  a  man  out  he  found  this  mess. 

Mr.  E.  Ktlburn  Scott:  Of  course,  the  inside  of  the  metal  socket  pole 
I  referred  to  just  now  is  filled  with  concrete.  White  ants  never  crawl 
outside  of  anything.  Another  difficulty  which  has  to  be  considered  in  the 
East  is  the  monkey  difficulty.  In  some  cases  these  animals  will  climb 
up  the  poles,  and  the  only  way  to  prevent  them  is  to  wind  barbed  wire 
around  the  poles.  The  ordinary  spiked  ring  which  deters  a  small  boy  or 
a  native  is  of  no  use  with  a  monkey.  Perhaps  some  day  we  may  be  able 
to  print  danger  notices  in  the  Simian  language. 

Mr.  Neall:  Mr.  Scott's  remarks  lead  up  to  one  conclusion  that  I  think 
has  been  lost  sight  of,  and  it  is  tlais:  If  we  could  depend  absolutely  on 
the  insulator,  and  use  metal  pole  construction  throughout,  we  should 
then  know  exactly  the  weak  points  of  the  line,  and  by  making  due  allow- 
ance for  the  insulators  and  their  effect  on  the  line  —  such  for  example  as 
their  capacity  effects  at  times  of  line  disturbances  —  we  could  anticipate 
the  troubles  more  closely  and  consequently  have  better  service. 

Mr.  Nunn  :  Without  doubt  metal  pins  will  eventually  be  used  with 
each  successive  transmission  voltage,  but  they  should  be  used  only  when 
that  voltage  and  its  insulator  have  passed  their  experimental  stage.  In 
pioneer  work  insulators  are  always  likely  to  be  worked  to  a  very  close 
margin,  and  then  they  should  be  supplemented  with  treated  wooden  pins. 
Chaikman  Scott :  In  the  remarks  ^Ir.  Nunn  has  just  made  he  has 
struck  the  key-note  of  transmission  work  as  it  has  been  in  the  past,  and 
while  we  are  apt  sometimes  to  consider  that  things  are  pretty  well  es- 
tablished, the  same  word  I  tliink  will  apply  for  many  years  to  come  — 
pioneer  work.  As  we  branch  into  new  fields  of  high-voltage  work,  we  en- 
counter new  experiences;  new  things,  as  well  as  matters  which  were  of  no 
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concern  before,  come  up  to  the  first  rank  in  importance.  Take  our  whole 
discussion  this  morning  and  wliat  has  it  been?  It  has  been  on  the  in- 
sulator pin,  a  thing  which  a  man  not  familiar  with  the  subject  would 
think  one  of  least  consoquenee,  but  we  have  found  that  it  is  one  of  the 
vital  points;  that  the  ditlerent  methods  of  construction  and  treatment, 
and  the  experience  which  in  one  place  and  by  one  man  differs  in  many 
ways  from  those  of  others.  Now,  one  of  the  pioneers  in  this  work,  a 
man  who  has  already  said  in  his  remarks  a  few  minutes  ago  what  I  in- 
tended to  say  at  this  time,  a  man  who  went  ahead  years  ago  and  used 
a  voltage  three  times  that  which  was  in  common  use,  which  sounded 
higher  in  those  days  than  a  hundred  thousand  volts  sounds  now,  a  man 
who  went  ahead  with  a  plant  of  that  kind  and  has  made  it  work,  and  has 
been  one  of  the  leaders  in  power  transmission  work  in  the  West,  is 
Mr,  Nunn.  So  far  as  I  know,  j\Ir.  Nunn  has  never  been  before  a  technical 
society  before  with  a  paper  on  this  or  any  other  subject.  I  think  that  w^e 
are  especially  to  be  congratulated  on  having  Mr.  Nunn  at  this  time  present 
a  history  of  this  pioneer  work.  This  Congress  ought  to  deal  somewhat 
with  the  past  as  well  as  the  present  and  future. 

Mb.  Bunker  {communicated  after  adjournment)  :  There  seems  to  be  a 
prevailing  idea  among  many  engineers  that  a  rainy  or  a  wet  season  is 
something  to  be  feared  in  the  operation  of  a  high-tension  line.  As  a 
matter  of  fact,  experience  has  shown  that  fewer  line  troubles  occur  in  a 
wet  than  in  a  prolonged  dry  season,  due  to  the  cleaning  effect  of  the  rains. 
Forty  to  fifty  thousand  volts  have  been  thrown  during  heavy  rains  onto 
long  stretches  of  dead  line  with  no  more  disturbance  than  under  normal 
conditions.  The  first  rain,  however,  after  a  duration  of  dry  or  dusty 
weather  which  has  permitted  the  insulators  to  be  covered  with  dirt, 
causes  increased  leakage  due  to  the  mud  formed.  With  proper  insulators, 
a  wet  season  is  to  be  preferred  to  a  drought,  so  that  wet  pins  have  not 
actually  proven  to  be  a  disadvantage. 

A  further  cause  of  the  burning  of  wooden  pins  other  than  leakage,  is 
due  to  the  fact  that  when  the  insulators  are  coated  with  a  more  or  less 
conducting  material,  they  become  condensers  of  greater  or  less  capacity 
which  reduces  the  value  of  the  pin  as  an  insulator.  The  small  contact 
area  of  the  insulator  with  the  pins,  increases  the  density  of  current  flow  to 
an  extent  which  produces  heat  enough  to  char  the  wood.  Where  this 
contact  area  is  increased  by  using  a  metal  pin,  or  a  metal  short  around 
the  wood  pin  no  burning  takes  place.  The  use  of  insulating  materials  of 
various  values  in  series  has  the  same  effect  here  as  in  other  places,  where 
it  is  more  commonly  known  and  breaks,  or  tends  to  break  down,  the 
insulation  having  the  least  dielectric  strength.  These  small  insulator 
condensers  simply  add  to  the  capacity  of  the  system,  and  if  the  small 
condenser  currents  can  be  prevented  from  causing  burning  action  as  by 
the  use  of  metal  connections  to  the  supports,  the  insulation  of  the  line  is 
thrown  back  where  it  belongs,  namely  to  the  insulator. 

'Mi.  p.  N.  Nuxn  then  read  a  paper  on  "Pioneer  Work  of  the  Telluride 
Power  Company." 


PIONEER  WORK  OF  THE  TELLURIDE  POWER 

COMPANY. 


BY  P.  N.  NUXN. 


During  the  winter  of  1890,  the  year  preceding  the  famous  Frank- 
fort-Lauffen  experiment,  apparatus  was  installed  for  the  first  com- 
mercial, high-pressure,  alternating-current  power  transmission  of 
the  world.  From  that  beginning  has  grown  The  Telluride  Power 
Company. 

The  mining  district  surrounding  Telluride,  San  Miguel  county. 
Colo.,  is  at  the  same  time  one  of  the  most  rugged  and  one  of  the 
richest  in  the  Eocky  Mountains;  but  its  inaccessibility  and  the  con- 
sequent cost  of  producing  power  caused  the  financial  failure  of 
many  important  enterprises  in  the  early  days  of  its  history.  The 
statement  made  in  the  Annual  Eeport  of  the  Treasury  of  the 
United  States,  in  1901,^  that  "  For  the  growth  of  its  mining  in- 
dustry, San  Miguel  county  is  indebted  to  the  Telluride  Power 
Transmission  Company  more  than  to  any  other  agency."  is  borne 
out  by  the  fact  that  at  the  present  time  all  of  the  important  mines 
and  mills  of  the  district  are  operated  by  power  furnished  by  this 
company. 

The  Gold  King  mill,  situated  at  an  altitude  of  12.000  ft.,  where 
the  cost  of  fuel  for  steam  power  had  become  prohibitive,  was  the 
first  to  be  operated  by  means  of  this  power.  This  property  had 
been  attached  in  1888  to  satisfy  a  continued  deficit  in  oj^erations. 
Mr.  L.  L.  JSTunn,  the  attorney  retained  by  the  owners,  found  that 
this  deficit  was  largely  due  to  the  enormous  cost  of  power,  and  that 
there  would  have  been  a  handsome  margin  if  ])Ower  could  have  been 
furnished  at  not  more  than  $100  per  hp-year.  Down  in  a  deep 
gorge  of  the  valley,  over  2000  ft.  lower,  but  less  than  three  miles 
away,  two  mountain  streams  formed  at  their  confluence  the  South 
Fork  of  the  San  Miguel  river,  offering  cheap  and  continuous  power. 
A  stay  of  proceedings  was  secured;  and,  as  a  means  of  transmitting 
this  power,  cable  drive,  compressed  air  and  continuous-current  elec- 

1.  Annual  Reports  of  the  Treasury  of  the  United  States.  Report  of  the 
Director  of  the  Mint,  page  135. 

[410] 


NUNN:     PIONEER  WORK.  411 

tricity  were  all  investigated.  The  limitations  of  each  were  apparent, 
while  the  advantages  of  alternating  current  and  higher  pressures 
became  gradually  recognized,  and  a  decision  was  reached  to  attempt 
their  use.  This  decision  was  due  less  to  the  immediate  saving  in 
copper,  than  to  a  keen  sense  of  the  limitation  of  continuous  current, 
and  faith  in  tlie  final  success  and  ultimate  superiority  of  alternating 
current. 

During  the  investigation  which  followed  and  while  selecting  ap- 
paratus, little  but  incredulity  or  ridicule  was  encountered.  Eastern 
investors  in  the  enterprise  were  annoyed  by  predictions  of  promi- 
nent engineers,  and  discouraged  l)y  their  insistence,  that  the  experi- 
ment would  prove  a  miserable  failure  and  the  expenditure  go  for 
naught.  It  was  said  that  there  was  no  alternating-current  motor; 
that  oil  insulators  must  be  used,  and  that  the  line  must  be  fenced  in. 
However,  a  generator  and  a  motor  for  3000  volts  and  of  100  hp. 
■each  were  ready  for  trial  in  the  fall  of  1890.  Difficulties  caused 
by  ice  at  40  deg.  below  zero,  by  speed  control  over  unusually  high 
water  pressure,  by  avalanche,  by  blizzard,  by  electric  storms  un- 
known in  low  altitudes,  and  many  other  troubles,  now  generally 
forgotten,  but  then  most  serious,  marked  every  step  of  progress, 
j^^otwithstanding  all  of  these,  unqualified  success  from  the  begin- 
ning caused  gradual  and  constant  growth,  until  at  the  present  time 
the  Telluride  company  and  its  allied  industries  have  six  power 
stations  and  nearly  a  thousand  miles  of  line  in  Colorado,  Utah,  and 
Montana. 

Following  its  pioneer  power  transmission,  it  made  practical  ex- 
periments as  early  as  1895  with  pressures  which  have  never,  even 
yet,  been  exceeded,  and  for  three  years  it  operated  commercially  the 
highest  pressure  transmission  of  the  world.  Thus  the  record  of 
its  work  becomes  an  important  chapter  in  the  liistory  of  power 
transmission;  but  it  must  readily  be  seen  that  the  limit  of  this 
paper  precludes  the  possibility  of  describing  all,  or  even  a  sub- 
stantial part,  of  its  pioneer  work. 

The  initial  installation,  purchased  througli  Mr.  F.  B.  H.  Paine, 
•comprised  a  generator  installed  in  a  rough  cabin  upon  the  site 
of  the  present  Amos  station  and  belted  to  a  6-ft.  Pelton  wheel 
under  330  feet  head,  and  a  motor  at  the  mill  2.6  miles  distant. 
The  two  were  identical  Westinghouse  single-phase  alternators  of 
100  horse-power,  the  largest  then  made.  The  generator  was 
separately  excited,  while  the  motor  was  self-exciting.  Each  carried  a 
12-part  commutator  and  was  slightly  compounded  through  current 
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Fia.   1. —  Map  of  telluride   district,   showing  system  of  reservoirs, 

AVATERWAYS    AND    POWEIMIOUSES,    TRANSMISSION    AND    DISTRI- 
BUTION  LINES. 
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transformers  upon  opposite  spokes  of  the  armature.  The  latter 
were  ironclad  or  "  T  "-tootlied,  wound  with  12  simple  coils  in  cells 
of  fullerboard  and  mica.  Switchboards  were  matched  and  shellaced 
pine  sheathing,  and  the  bases  of  instruments  were  dry  hard  wood. 
Only  voltmeters  and  ammeters  were  used,  both  of  the  solenoid  and 
gravity-balance  type,  in  black-walnut  cases  with  window-glass  fronts. 
Circuits  were  closed  with  jaw  switches  and  opened  by  arc-light 
plugs.  The  line  carried  two  jSTo.  3  bare  copper  wires,  mounted  upon 
short  Western  Union  cross-arms  and  insulators.  The  copper  cost 
about  $700,  or  about  1  per  cent  of  the  estimated  cost  for  continuous 
current. 

The  m.ain  motor  was  brought  to  synchronous  speed  by  a  single- 
phase  induction  starting  motor,  which  received  its  current  at  full 
line  voltage.  The  current  taken  was  more  than  full-load  current 
of  the  main  motor.  This  starting  motor,  even,  required  starting  by 
hand,  its  torque  being  zero  at  starting,  and  so  feeble  at  low  speeds 
that  when  cold  it  could  only  wdth  the  greatest  difficulty  be  persuaded 
to  pull  up  to  speed  its  belt  and  loose  pulley.  Nor  could  it  at  speed 
start  the  main  motor  without  help,  and  even  then  it  became  so  hot 
that  its  short-circuited  secondary  frequently  burned  out. 

Another  motor  of  50  horse-power  was  soon  added,  ^\^lile  in  other 
respects  similar  to  the  first,  this  motor  was  intended  to  be  self -start- 
ing, with  armature  and  field  in  series  through  a  current  trans- 
former: and  on  account  of  its  frightful  flashing,  it  was  fitted  with 
a  special  eight-part  commutator  of  non-arcing  metal.  This  feature, 
however,  proving  a  failure,  was  soon  replaced  by  a  separate  starter. 

The  need  of  a  wattmeter  or  power-factor  indicator  not  having 
been  at  that  time  recognized,  the  motor  field  charge  was  adjusted  for 
least  main  current.  This  current  was  accepted  as  having  unity 
power  factor,  and,  therefore,  as  the  measure  of  actual  power. 

Ever5^thing  was  extremely  simple  from  water  wheels  to  motors ; 
and,  except  for  lightning,  the  plant  ran  smoothly  and  steadily  30 
days  and  more  without  a  stop.  The  report  made  in  the  East  by  as- 
sociates of  the  enterprise  that  at  Telluride  100  horse-power  was 
being  successfully  transmitted  nearly  three  miles  over  Xo.  3  copper, 
wires  with  less  than  5  per  cent  loss,  was  received  with  the  utmost 
incredulity. 

During  the  autumn  of  1892,  a  600-hp  generator  of  the  same 
characteristics  was  installed,  and  a  250-hp  motor  for  the  mill  on 
Bear  Creek,  10  miles  from  the  generator.  Early  in  1894,  a  50-hp, 
and  during  the  fall,  a  75-hp  motor  were  placed  in  Savage  Basin,  14 
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miles  from  tlie  power-house.  The  former  was  soon  replaced  by  a 
100-hp  motor,  and  in  1895  a  100-hp  motor  was  set  up  at  Pandora. 

Except  as  to  size  these  motors  were  substantially  identical.  The 
2o0-hp  motor  was  badly  designed,  and  the  pole  pieces  were  of  cast- 
iron.  Its  starting  motor  was  insufficient,  and  was,  therefore,  soon 
replaced  by  one  having  split-phase  secondary  with  external  resist- 
ances. Marble  with  brass  trimmings  replaced  wooden-base  instru- 
ments, and  such  elegance  demanded  highly-polished  slat  switch- 
boards of  paraffined  oak.  Imposing  marble  rheostats  were  mounted 
at  switchboards  like  keyboards  upon  grand  organs.  Fuse  blocks,  the 
only  protective  device,  became  marble  slabs  with  duplicate  alumi- 
num strips.  The  first  sj^nchrophone  came  with  the  75-hp 
equipment. 

Owing  to  its  altitude  and  geographic  position,  the  Telluride  dis- 
trict is  peculiarly  subject  to  atmospheric  disturbances.  Over  100 
distinct  discharges  have  been  counted  within  a  single  hour,  and 
lightning  caused  more  discouragement  than  any  other  obstacle.  A 
neighboring  continuous-current  plant,  transmitting  a  little  more 
than  a  mile,  carried  several  extra  armatures;  and  even  then  it  was 
so  frequently  compelled  to  close  down  during  the  daily  storms  of 
the  rainy  season,  that  the  company  was  eventually  bankrupted.  The 
alternating  plant  might  have  suffered  a  similar  fate  had  it  not  been 
for  its  "  T  '"'-toothed  armatures  and  replaceable  coils,  eight  of  which 
were  successively  burned  out  and  replaced  on  one  motor  within  a 
single  week.  To  get  a  coil  into  place,  and  its  oak  keys  driven  home, 
required  such  bending,  clamping,  and  pounding  as  inevitably  re- 
sulted in  injury  to  insulation,  and  only  by  the  greatest  care  could 
replaced  coils  be  made  to  stand  a  test  adequate  to  the  3000  volts  em- 
ployed. For  protection  from  lightning,  several  types  of  manufac- 
tured arresters,  then  various  original  devices  were  tried,  ending 
with  a  simple  gap  in  series  with  a  score  or  more  of  fuse  blocks  in 
parallel,  arranged  about  a  radial  commutator  switch,  turned  from 
point  to  point  as  the  fuses  were  blown  by  successive  discharges. 
From  the  first  these  conditions  caused  the  greatest  apprehension  as 
to  the  commercial  success  of  electric-power  transmission,  until  Mr. 
Alexander  J.  Wurts,  during  a  stay  of  several  months  with  the  com- 
pany, gave  the  protection  of  the  now  well-known  non-arcing  arrester. 

No  transformers  were  used  between  machines  and  line,  the  largest 
transformers  at  first  being  2-kw,  or  40-light.  Aside  from  the  effects 
of  lightning,  even  to-day  3000  volts  upon  the  winding  of  small  high- 
speed armatures  requires  first-class  insulation.     Frequent  grounds 
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were  prevented  by  deep  insulating  foundations  of  paraffined  wood. 
To  prevent  short-circuits  within  the  coils,  their  cells,  just  before 
placing,  were  poured  full  of  shellac,  and  the  entire  armature  after- 
ward baked  for  several  days.  By  this  means  the  50-hp  motor  ran 
a  full  year  without  trouble  in  a  room  dripping  with  moisture 

A  lighting  transformer  received  in  1891  was  rated  at  5  kilowatts. 
Theretofore  transformers  had  been  rated  in  lights,  and  generators 
in  horse-power.  This  transformer  was  immersed  in  engine  oil,  and 
marks  an  epoch  in  the  company's  history.  Lightning  frequently 
punctured  it,  causing  its  fuses  to  blow,  but  without  other  apparent 
injury.  It  remained  in  service  for  years.  All  others  were  soon 
likewise  immersed.  Four  500-light,  dry  Stanley  transformers,  pur- 
chased in  1892  for  lighting  Telluride,  were  broken  down  by  the 
thunder  storms  of  the  following  spring.  WTien  repaired  these  also 
were  immersed  in  engine  oil,  and  gave  no  further  trouble  during 
the  three  years  they  remained  in  service. 

Alternators  were  paralleled  at  Telluride  in  the  spring  of  1893, 
and  thereafter  they  were  so  operated  with  full  load  upon  the  smaller 
and  regulation  upon  the  larger  machine. 

Manipulation  at  switchboards  or  at  brushes  involved  direct  hand- 
ling of  3000  volts,  a  rather  liigh  switchboard  pressure  even  now.  It 
Avas  a  rule  that  every  attendant  keep  one  hand  in  his  pocket  while 
working  with  the  other.  It  is  pleasant  to  record  that  during  these 
years  no  loss  of  life  and  but  few  accidents  occurred. 

There  being  no  other  circuit-breakers,  it  was  necessary,  when  a 
motor  dropped  out  of  step,  to  break  the  circuit  with  the  single  arc- 
light  plug.  This  always  drew  a  heavy,  vicious  arc,  which  on  the 
big  motor  frequently  held  to  the  full  length  of  the  6-ft.  cable, 
and  then  sometimes  required  a  whiff  from  the  attendant's  hat. 
^V^len  not  broken  promptly  it  frequently  involved  the  entire  switch- 
board and  shut  down  the  plant. 

Duties  of  this  nature  required  considerable  skill  and  cool  heads, 
and  in  order  to  operate  the  plant  continuously,  night  and  day,  15 
or  20  competent  attendants  were  required.  To  fit  young  men  foi 
these  positions  a  course  was  arranged  during  which  they  were  taught 
something  of  machinery,  of  shop-work  in  metal  and  wood,  and  of 
wiring,  insulating,  and  repairing,  while  receiving  such  assistance  in 
daily  study  as  conditions  permitted.  A  technical  library,  including 
the  electrical  papers,  and  a  con,veniently-fitted  testing-room  were  al- 
ways open.    Each  student  was  then  given  a  short  laboratory  course 
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in  graphic  treatment  of  alternating-current  theory.  This  is  said  to 
have  been  the  first  systematic  effort  made  by  a  corporation  to  train 
its  employees  for  responsible  positions. 

Although  the  plant  as  a  whole  was  an  unqualified  commercial  suc- 
cess, no  explanation  need  here  be  made  as  to  why  it  was  replaced  by 
the  induction  system  as  soon  as  the  latter  had  been  perfected.  This 
marks  the  limit  of  the  most  extensive  single-phase,  sjoichronous 
plant  ever  operated.  With  but  one  or  two  motors  its  operation  was 
not  difficult ;  but  each  motor  added  to  the  system  brought  increased 
demand  for  care  and  skill.  The  causes  of  difficulty  were  not  under- 
stood then  as  now,  nor  was  the  effect  of  power  factor  fully  appre- 
ciated. Lack  of  both  wattmeters  and  power-factor  indicators  left 
the  adjustment  of  field  charges  to  the  judgment  of  the  operators. 
The  power  factor  of  each  motor  being  dependent  not  only  upon 
its  own  adjustment  but  upon  that  of  all,  the  closest  attention  and 
co-operation  were  necessary,  in  marked  contrast  with  the  simplicity 
of  operation  of  induction  motors.  Disturbances  due  to  starting 
motors  were  especially  trying;  and  the  unqualified  success  attained, 
notwithstanding  defects  of  apparatus  and  system,  is  attributed  now, 
far  more  than  then,  to  the  skill  and  vigilance  of  the  operators  in 
this  new  and  fascinating  field. 

The  Tesla  system,  substituted  for  the  synchronous  in  1896,  com- 
prised two  600-kw,  60-cycle,  oOO-volt,  two-phase  generators,  direct 
connected  to  wheels  under  600  and  900  feet  head,  respectively,  and 
an  equal  capacity  of  raising  and  reducing  transformers  and  of  two- 
phase,  220-volt  induction  motors.  The  12  100-kw,  step-up  trans- 
formers were  connected  in  pairs,  two-phase — three-phase,  for  three- 
phase,  10,000-volt  transmission.  These  transformers  were  worth- 
less; all  broke  down  within  a  year,  and  one  or  more  were  always 
undergoing  repairs.  Break-downs  occasionally  caused  sufficient  ex- 
plosion to  lift  a  cover,  or  splash  the  oil.  The  woodwork  soon  be- 
came saturated,  and  hot  metal  from  the  near-by  main  fuses  fre- 
quently started  fires,  endangering  the  wooden  power-liouse.  A 
masonry  transformer-house  in  two  compartments  was,  therefore, 
constructed,  and  into  it  the  transformers  were  moved, —  this  being 
the  first  known  case  of  isolation  of  oil  transformers  on  account  of 
fire  risk. 

The  power-house  at  Ilium,  situated  six  miles  below  Ames  on  the 
same  stream  and  using  the  same  water,  was  built  in  1900,  and  con- 
tains one  1200-kw,  revolving-field,  General  Electric  generator,  di- 


Fig.   2. —  Ax   opex-air   switching  junction. 


Fig.  ;{. —  TowKR  o.\  summit  of  camp  hiri)  divide. 


II  —  417 


NUNN:     PIONEER  ^VORK.  417 

rect  connected  to  two  impulse  wheels  under  500  feet  head.  Trans- 
mission lines  extend  both  to  the  Ames  station  and  to  points  of  dis- 
tribution, providing  the  insurance  of  duplicate  transmission.  Any 
section  of  line  can  be  cut  out  for  repair,  or  either  power-liouse  shut 
down,  without  interrupting  the  service.  Junctions,  other  than 
generating  and  distributing  points,  are  equipped  with  open-air 
switches,  mounted  upon  standard  line  insulators  and  operated  from 
platforms  similarly  insulated,  and  have  proven  invaluable. 

Junction-houses  at  distributing  centers  provide  for  a  branch 
line  to  each  customer,  which  is  equipped  with  switches,  fuses,  and 
a  set  of  five  record-making  instruments  —  a  voltmeter,  2  am- 
meters, and  2  wattmeters.  The  power  company  thus  secures 
upon  its  own  property  a  continuous,  accurate,  and  satisfactory 
record  of  each  load. 

The  long  spans  crossing  canyons  and  divides  surrounding  Sav- 
age Basin  may  be  worthy  of  note.  These  divides  are  bare  ridges 
at  an  altitude  of  13,000  ft.,  inaccessible  in  winter  and  swept  by 
frequent  snow  slides.  Spans  up  to  1150  ft.  are  used  in  order  to 
reach  safe  points  for  supports.  A  number  of  these  supports,  al- 
though simple  and  inexpensive,  have  stood  for  years  without  repair. 
The  longest  span  is  of  No.  1,  hard-drawn  copper,  supported  by 
^-in.  plow-steel  cable,  both  being  carried  by  the  same  insulators. 
The  deflection  is  approximately  35  ft.  on  a  slope  of  31  deg.  An- 
other is  of  |-in.  soft-iron  cable  1120  ft.  long,  and  has  been  in 
service  five  years.  A  third,  660  ft.  long,  is  of  hard-drawn  copper 
only,  having  25  ft.  deflection.  The  strain  insulators  in  all  cases 
are  a  series  of  the  usual  line  insulators  and  pins  upon  a  longitudinal 
arm  hinged  to  permit  adjustment  to  span  motion.  They  are  sim- 
ple, inexpensive,  and  entirely  successful. 

A  10,000-volt,  underground  transmission  was  put  in  operation  at 
the  Gold  King  mine  in  1896.  Power  was  carried  through  an  unused 
tunnel  1300  ft.  long,  upon  bare  copper  conductors  12  in.  apart 
on  standard  line  insulators,  to  a  deep  mining  hoist  equipped  for 
electric  power.  The  tunnel  was  always  dripping  with  water,  but 
no  trouble  was  experienced  during  the  several  years  of  operation, 
although  slight  brush  discharge  or  halo  was  at  times  observed. 

An  interesting  installation  to  which  power  is  furnished  is  that 
of  the  well-known  Camp  Bird,  Limited,  near  Ouray.  ISTineteen 
motors  and  rotaries,  in  sizes  up  to  150  kilowatts,  drive  crushers, 
Huntingtons,  concentrators,  compressors,  pumps,  and  hoists,  ag- 
gregating in  all  about  1000  kilowatts.  Two  underground  transmis- 
•       Vol.  11  —  27 


418  NUNN:     PIONEER  WORK. 

sions,  each  a  mile  in  extent,  are  in  operation.  Continiions  current 
at  550  volts  from  two  rotaries  and  a  650-ampere-hour  storage  bat- 
tery operate  three  deep-mine  hoists  of  150  horse-power,  and  an  in- 
stallation designed  by  Mr.  C.  S.  Eiiffner,  now  engineer  of  the  Utah 
department,  makes  use  of  the  alternating  current  transmitted  at 
10,000  volts  through  paper-insulated,  lead-covered  cable,  for  tlie  pur- 
pose of  operating  two  50-hp  pumps. 

The  success  of  the  original  plant  prompted  the  manager  of  the 
companj'',  Mr.  L.  L.  Nunn,  to  institute  a  search  for  other  water 
powers  in  the  West,  finding  as  a  result  that  such  powers  were  very 
remote  from  available  markets,  requiring  much  longer  transmis- 
sions than  theretofore  used.  Voltages  higher  thtn  from  10.000  to 
15,000  were  not  in  commercial  use,  and  were  regarded  as  merely 
problematical;  but  two  important  water  rights,  already  acquired 
in  Utah  and  Montana,  would  have  been  worthless  at  such  pres- 
sures. Mr.  Nunn,  therefore,  determined  in  1895  to  undertake  at 
Telluride  an  experimental  transmission  at  higher  voltages,  to  be 
installed  and  operated  as  a  practical  test  for  power  purposes,  and 
to  determine,  if  possible,  the  pro])leras  peculiar  to  long  distances 
and  high  pressures. 

Two  identical  75-kw,  oil-insulated  transformers  were  installed 
in  the  autumn  of  1895,  one  at  the  Ames  station  and  the  other 
at  the  Gold  King  mill.  They  were  designed  for  pressures  varying 
from  15,000  to  60,000  volts  by  convenient  steps.  A  separate 
pole  line  was  equipped  with  three  circuits  of  different  character- 
istics, upon  three  types  of  insulators. 

Measurements  with  many  special  instruments  were  made,  em- 
bracing the  different  voltages,  styles  of  insulators,  conductors,  and 
distances  between  them,  and  the  conditions  peculiar  to  the  various 
phenomena  met  at  every  step.  Observations  upon  a  wide  range  of 
atmospheric  conditions  were  made  by  means  of  United  States 
Weather  Bureau  apparatus  at  either  end  of  the  line.  The  com- 
mercial feasibility  of  high  pressures  was  demonstrated  by  the  suc- 
cessful operation  of  the  Gold  King  mill  during  a  great  part  of  the 
year  at  pressures  from  30,000  to  nearly  60,000  volts,  as  well  as  by 
continuous  electrification  for  nearly  a  month  during  dry  weather, 
of  a  three-mile  telephone  circuit  upon  telegraph  insulators,  at  pres- 
sures rising  from  10,000  to  40,000  volts. 

The  change  of  the  system  from  single  to  polyphase  terminated 
actual  transmission  experiments.  The  reducing  transformer  was 
moved  to  the  station,  and  another  equipment  designed  for  polyphase 
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tests  was  ordered.  The  remaining  time  was  devoted  to  open-circuit 
losses,  and  to  the  verification  of  measurements  previously  made. 
This  work  continued  until  August,  1897,  when  construction  was 
begun  upon  the  Provo  plant. 

Much  of  the  data  obtained  from  these  experiments  was  incom- 
plete, requiring  caution  in  its  use,  due  largely  to  the  time  and 
study  required  in  solving,  step  by  step,  the  problems  and  difficul- 
ties met  at  every  stage  of  the  work.  However,  that  much  of  value 
was  obtained  is  shown  by  the  subsequent  successes  at  Provo.  Suffi- 
cient had  been  learned  to  warrant  the  commercial  adoption  for  the 
first  time  of  40,000  volts, —  nearly  thrice  the  voltage  of  any  previous 
plant;  to  lead  to  the  manufacture  of  transformers  which,  after 
seven  years'  continuous  operation,  are  still  in  daily  service ;  to 
determine  the  design  of  the  Provo-type  insulator,  the  method  of 
line  construction,  distance  between  wires,  and  the  importance  of 
wave  form,  and  to  make  possible  this  great  advance  in  long-distance, 
high-voltage  transmission. 

This  experimental  work,  as  clearly  appears  from  the  foregoing 
facts,  was  begun,  carried  on,  and  finally  utilized  by  the  Telluride 
company  in  the  regular  and  necessary  course  of  its  growing  busi- 
ness; yet  it  must  be  added  that  important  services  were  rendered 
by  Mr.  V.  G.  Converse,  under  whose  direction  the  transformers 
had  been  designed  and  constructed,  and  who  participated  through- 
out the  greater  part  of  the  work  during  all  the  experiments  with 
actual  high-pressure  transmission,  and  subsequently  by  Mr.  Ralph 
D.  Mershon  in  the  elaborate  instrumentation  and  laboratory  prac- 
tice, including  a  notably  ingenious  method  of  reading  high-ten- 
sion losses  upon  low-tension  circuits,  devised  by  him  and  used  in 
substantiating  the  accuracy  of  the  earlier  measurements;  also  that 
different  types  of  insulators  were  contributed  by  the  General  Elec- 
tric and  the  Westinghouse  companies  and  by  Mr.  Fred  M,  Locke  on 
account  of  their  friendly  interest  in  the  work.- 

The  original  plant  at  Provo  contained  two  750-kw,  60-cycle,  800- 
volt,  three-phase  General  Electric  generators,  direct  connected  at 
300  r.p.m.  to  twin  horizontal  turbines  under  125  ft.  head;  a  six- 
panel  Wagner  switchboard,  two  banks  of  oil  transformers,  and  two 
outgoing  circuits.  All  contents  thus  in  duplicate  were  assembled  in 
two    complete,    independent   units,    designed    for   operation    inde- 

2.  An  interesting  account  of  this  work  and  some  of  the  technical  results 
may  be  found  in  Mr.  ]\Iershon's  report,  quoted  in  a  paper  read  by  ^Slr. 
C.  F.  Scott  before  the  A.  I.  E.  E.  at  the  Omaha  meeting,  July.  1898.  " 
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pendently,  or  in  parallel,  at  both  high  and  low  pressure.  Prior  to 
the  power-factor  indicator,  a  device  which  answered  a  somewhat 
similar  purpose  was  installed,  consisting  of  a  wattmeter  on  the  low- 
pressure  paralleling  bus  with  current  coil  in  one  bus  and  shunt 
across  the  other  two.  This  indicated  cross-current,  and  was  iLsed 
in  the  adjustment  of  field  charges.  Transformers  were  each  of 
250  kilowatts,  800  to  40,000  volts,  star-connected  at  both  high  and 
low  pressure,  with  neutrals  grounded. 

Triple-pole  air-switches  and  4-ft.  fuses  formerly  connected 
each  bank  of  transformers  with  its  transmission  line.  One  form 
of  air-switch,  opening  6  ft.,  contained  no  metal  except  conductors, 
and  was  composed  entirely  of  paraffined  wood  and  rawhide,  with- 
out porcelain,  glass,  or  other  insulator.  Others  were  sliding  frames 
carr^'ing  line  insulators. 

During  the  first  year  of  operation  the  transmission  comprised  a 
single  32-mile  line  to  one  receiving  point  at  Mercur,  where 
the  arrangement  was  similar  to  that  at  the  power-house,  save 
that  two  reducing  transformers  were  connected  two-phase  —  three- 
phase,  grounded  neutral,  for  220-volt,  two-phase  induction  motors. 
The  Provo-Eureka  line,  42  miles  long,  carries  seven-strand  alumi- 
num cable  equivalent  to  No.  4  copper.  The  Eureka-Mercur  cross- 
line,  28  miles  long,  equivalent  to  No.  5  copper,  was  added  to  com- 
plete the  triangle  thus  fonned  and  permit  cutting  out  either 
of  the  three  sides  without  interru]3ting  service. 


SUB-STA.^  Mercul 


Fig.  5. —  !Map  of  utah  vallet,  showing  po^\^ER-HousES  and  transmis- 
sion  AND   DISTRIBUTION  LINES. 


The  Logan  plant  was  completed  in  1901,  containing  two  1000-kw, 
revolving-field  alternators,  direct  connected  at  400  revolutions  to 
double-discharge  twin  turbines  under  212  ft.  head.  This  plant 
is  connected  with  the  Provo  system  by  duplicate  lines  over  100 
miles  long,  passing  the  cities  of  Ogden  and  Salt  Lake.  The  Provo 
and  Logan  plants  are  thus  operated  in  unison  through  nearly  200 


Fig.  4. —  Long  span  at  camp  bird  divide. 


Fig.  0. —  The  logan  poweimioise. 
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miles  of  transmission.  Distributing  points  at  Mercur,  Eureka, 
Bingham,  Salt  Lake,  and  Provo  are  also  junction  points  of  the 
duplicate  lines,  equipped  with  switches  in  each  incoming  line,  as 
well  as  in  circuit  with  the  transformers,  so  that  in  case  of  threatened 
trouble  the  patrolman  can,  without  delay,  have  his  section  cut  off 
for  immediate  repair  without  interrupting  service. 

The  three  conductors  of  each  transmission  form  an  equilateral 
triangle  76  ins.  between  wires,  carried  by  a  7-ft.  cross-arm  and 
the  top  of  the  pole.  Extra  long  pins  raise  the  insulators  from  6  to 
12  ins.  above  cross-arms,  are  of  selected  locust,  kiln-dried  and  im- 
mersed from  6  to  12  hours  in  hard  paraffine  at  150  dcg.  C.    Cross- 


FiG.  7. —  Present  all- wood  pole  construction'. 


arms  are  of  Oregon  fir,  kiln-dried,  and  soaked  in  boiling  bitumen. 
Those  upon  the  first  line  were  attached  in  the  usual  manner  with 
metal  braces.  The  burning  of  cross-arms  and  poles  on  account 
of  broken  insulators,  during  prolonged  wet  weather,  occurred  most 
frequently  at  these  braces.  When  the  next  lines  were  built  in 
1899,  treated  wooden  braces  were  substituted,  with  results  so  favor- 
able that  all  metal  braces  were  soon  replaced.  It  was  still  observed, 
however,  that  even  light  leakage  seemed  to  concentrate  around  the 
lag  bolts,  carbonizing  the  wood  and  finally  loosening  the  bolts. 
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For  the  Logan  lines  of  1900  and  all  later  lines,  therefore,  the 
cross-arms  were  mortised  through  the  poles  and  wedged  and  pinned 
with  hard  wood  —  thus  discarding  all  metal  except  conductors. 
This  construction  was  originated  by  Mr.  A.  L.  Woodhouse,  who, 
upon  the  close  of  the  high-pressure  experimental  work  in  Colorado, 
of  which  he  had  charge,  became  and  still  is  superintendent  of  the 
Utah  department.  It  has  proved  amply  strong,  not  expensive,  and 
during  the  four  years'  operation  of  the  400  miles  thus  constructed 
very  few  poles  have  been  burned. 

Provo-type  glass  insulators,  designed  by  i\Ir.  V.  G.  Converse, 
have  been  used  throughout.  ]\Iany  have  broken,  but  these  have 
usually  shown  the  effects  of  guns  or  stones.  In  fact,  there  has 
not  been  a  single  breakage,  except  in  one  lot  improperly  annealed, 
clearly  due  to  either  internal  or  dielectric  stresses.  It  is  difficult 
to  see  wherein  any  other  insulators  could  have  done  better,  unless 
bullet-proof.  College  laboratory  tests  to  the  contrary  notwith- 
standing, leakage  losses  are  inappreciable  except  during  severest 
storms,  and  then  not  serious  where  insulators  are  unbroken.  It  is 
a  mistake  to  suppose  that  Utah  climate  is  favorable.  During  the 
rainy  season  it  -is  as  wet  as  any,  and  the  alkali  dust  of  the  so-called 
salt  storms  is  as  trying  as  sea-coast  spray.  At  times  dense  volumes 
of  this  impalpable  dust  from  the  Great  Desert  are  accompanied 
by  clouds  or  fog.  In  this  damp,  sticky  state  the  dust  completely 
covets  to  a  considerable  depth  the  under,  as  well  as  the  upper,  sur- 
faces of  insulators,  as  well  as  poles,  cross-arms,  and  pins.  Over 
these  surfaces  streamers  gradually  creep  until,  meeting  at  the  pole, 
they  break  into  an  arc,  like  that  which  was  photographed  by 
Mr.  C.  E.  Baker,  the  line  patrolman  at  Mercur,  and  which  has 
several  times  been  published.  A  quick  turn  of  the  generator 
rheostat  at  the  critical  instant  breaks  tlie  arc  without  interrupting 
service  of  induction  motors. 

The  arrangement  of  power-houses  and  ■  transmissions  already 
described  is  such  that  the  opening  of  paralleling  switches  may 
resolve  the  system  into  a  single  transmission  from  100  to  nearly 
400  miles  in  length  with  a  generator  at  each  end,  yet  side  by  side. 
If  one  generator  be  reversed,  synchronized  as  a  motor  with  the  other 
and  loaded  by  its  water  wheel,  any  length  of  transmission  may,  by 
manipulation  of  a  paralleling  switch,  be  alternately  cut  in  and 
out  between  them.  Since  switchboards  and  instruments  are  con- 
nected, measurements  made  are  immediately  comparable.     In  this 
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manner  losses  and  power  factor  may  be  measured,  and  the  cor- 
rective effect  of  charging  current  observed. 

Solid  aluminum  wire,  first  used  in  1898,  was  slightly  alloyed 
to  increase  strength,  but  proved  worthless,  breaking  repeatedly  -with 
square,  glass-like  fractures.  Tt  was  at  once  replaced  with  commer- 
cially piire,  seven-strand  cable,  still  in  use.  Similar  cables  have 
generally  been  employed  for  subsequent  lines,  while  spans  have 
been  successfully  increased  to  180  and  200  ft.,  with  less  deflection 
than  usual  wath  copper. 

The  experience  with  oil  transformers  for  10,000  volts  at  Tellu- 
ride,  and  the  refusal  of  manufacturers  to  give  any  guarantees 
whatever  for  other  transformers  for  higher  pressures,  led  the 
Telluride  company,  when  undertaking  this  40,000-volt  transmission, 
to  manufacture  its  own.  The  first  equipment  was  made  at  the 
Wagner  Company's  works  under  designs  and  supervision  of  Mr. 
Converse,  The  later  ones  were  made  by  the  Converse  Transformer 
Company.  When  erected,  the  oil  in  the  tank  and  the  transformer 
in  an  oven  were  slowly  raised  to,  and  then  maintained  during  24 
hours  at,  a  temperature  of  125  deg.  C.  The  transformer  was  then 
immersed  in  the  oil,  and  both  continued  at  the  same  temperature 
for  a  further  24  hours. 

As  bearing  upon  the  question  of  fire  risk  due  to  oil  transformers, 
it  may  be  of  interest  to  note  that  of  the  large  number  of  these 
high-pressure  transformers  used  during  the  past  seven  years, 
chiefly  in  isolated  sub-stations  containing  much  wood  and  seldom 
visited,  all  but  four  are  still  in  operation;  that  these  four  were 
destroyed  by  fire  of  doubtful  origin,  and  that  only  one  transformer 
has  required  repair  other  than  change  of  oil. 

The  plant  at  Norris,  Mont.,  designed  and  constructed  in  1901, 
by  Mr.  0.  B.  Suhr,  Superintendent  (now  resident  engineer 
of  the  Ontario  Power  Company),  contains  at  present  two  low- 
speed  1000-kw  units.  A  duplicate  transmission  of  60  miles  con- 
veys power  to  the  city  of  Butte.  These  lines,  as  well  as  both 
raising  and  reducing  transformers,  w'ere  designed  for  the  use 
of  40,000,  60,000,  or  80,000  volts.  Longer  pins  are  used  than 
in  Utah,  and  conductors  form  a  triangle  of  108  ins.  While 
producing  the  present  limited  amount  of  power,  and  awaiting 
a  suitable  insulator,  the  lower  voltage  has  been  used. 

In  conclusion,  it  may  be  said  that  the  Provo  plant  —  the 
first  transmission  at  more  than  16,000  volts  —  while  undertaken 
materially  in  advance  of  the  art,  and  not  exempt  from  its  share 
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of  troubles,  has,  nevertheless,  been  fully  successful  as  a  finan- 
cial venture,  and  not  without  value  in  the  progress  of  the  science. 
Long  periods  of  perfect  operation,  monotonous  in  their  unevent- 
fulness,  have  proven  beyond  question  the  success  of  high  pres- 
sures for  long  distances.  The  new  and  larger  power-house  at 
Olmsted,  at  the  mouth  of  Provo  Canyon,  completed  this  sea- 
son, is  modern  in  every  detail.  It  contains  three  3600-hp  gen- 
erators, operating  under  340-ft.  head.  Air-switches  and  fuses 
are  everywhere  giving  place  to  oil-switches  with  time-limit  au- 
tomatics, and  constant  reconstruction  to  meet  its  increasing  de- 
mands keeps  the  system  as  a  whole  abreast  of  present  practice. 
Thus  The  Telluride  Power  Company,  while  again  and  again  a 
pioneer  in  power  transmission,  must  not  be  associated  alone 
with  the  experimental  methods  of  early  days,  but  may,  in  the 
future,  be  found  still  engaged  in  progressive,  practical,  pioneer 
work. 

Discussion. 

Mb.  Bxtnkeb:  Tliere  is  one  point  I  would  like  to  ask,  if  I  may,  and  that 
is,  how  large  a  wire  could  be  used,  for  mechanical  reasons  entirely,  on  that 
entirely  wooden  construction? 

Mr.  Nunn:  The  construction  used  in  Utah  is  considered  safe  for  wires 
up  to  No.  3-0  or  4-0.  That  in  Montana,  designed  for  80,000  volts,  em- 
ploys pins  too  long  for  such  large  sizes.  By  adapting  the  dimensions  and 
design  of  both  pins  and  cross-arms,  it  may  be  possible  to  make  all-wood 
construction  suitable  for  any  size  of  conductors.  It  would  not  be  difficult 
to  show  that  the  paraffine  permeates  the  pins.  A  4"  x  4"  piece  of  oak  sev- 
eral feet  long  has  been  permeated,  as  shown  by  chemical  tests  upon  a 
sliver  taken  from  its  center.  This  cannot  be  done  by  the  usual  method  of 
boiling  in  paraffine,  but  while  requiring  care  and  exactness,  has  been 
accomplished  by  the  method  previously  described.  The  40,000-volt  circuits 
from  the  Provo  power  house  pass  through  the  wall  in  bushings  consisting 
merely  of  double  flexite  tube  within  paraffined  oak  tubes  5  feet  long,  hav- 
ing 1-1/2-inch  walls.  The  bushings  are  fully  exposed  and  during  storms 
are  always  dripping,  yet  have  never  given  trouble.  The  all-wood  switch 
mentioned  has  four  feet  of  paraffined  oak  between  40,000-volt  wires. 

Mr.  HuMPHiiKY:  I  would  like  to  ask  whether  the  poles  have  ever 
been  treated  —  that  is,  the  top  of  the  pole?  Pins  have  been  treated,  cross- 
arms  have  been  treated,  and  it  seems  to  me  to  be  practical  to  treat  the 
upper  ten  feet  of  the  pole,  rather  than  to  abandon  the  wooden  construction 
and  go  in  the  steel-pole  construction  altogether.  I  would  like  to  ask  if 
that  has  ever  been  tried? 

Mb.  Nunn:  No  attempt  has  been  made  to  paraffine  poles,  but  they 
have  been  treated  to  some  extent  with  hot  bitumen,  especially  at  their 
tops  and  upper  pin  holes. 
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Chairman  Scott:  Three  weeks  ago  to-day  I  spent  a  most  profitable 
and  pleasant  day  in  the  Provo  power  house  at  Olmstead,  which  Mr.  Nunn 
has  described  to  us.  Mr.  Nunn  has  introduced  a  new  metliod  of  high- 
tension  wiring,  by  running  the  high-tension  wires  through  fibre  tubes. 
This  makes  a  remarkably  neat  and  compact  construction  for  the  high- 
voltage  work.  The  whole  power  house  and  its  surroundings  are  laid  out 
in  a  very  excellent  way.  There  is  at  this  plant  excellent  provision  for  the 
young  men  who  are  in  attendance  at  the  power  house. 

Mr.  NuNN:  In  the  early  days,  when  every  synchronous  motor  required 
two  or  three  attendants  for  its  24-hour  service,  it  became  necessary  to 
provide  opportunity  for  non-technical  but  bright  young  men  to  learn  enough 
about  the  apparatus  and  sufficient  of  the  subject  generally  to  fit  them  for 
these  positions.  The  training  begun  at  that  time  has  never  altogether 
passed,  and  there  has  ever  since  been  something  in  the  way  of  a  student 
course.  In  connection  with  the  new  plant  at  Olmsted,  special  provision 
has  been  made  in  the  way  of  quarters,  lecture  rooms,  laboratories  and  a 
gymnasium  for  extending  this  feature  and  for  giving  it  a  permanent 
character  and  home.  The  purpose  is  to  conduct  post-graduate  research 
side  by  side  with  practical  design,  construction  and  operation  of  engineer- 
ing works,  whereby  young  men  may  undergo  that  critical  transition  from 
the  receptive  college  student  to  the  executive,  practical  engineer  of  affairs. 

Chairman  Scott:  There  is  another  side  of  this  power  transmission 
work,  and  of  electrical  engineering  work  in  general,  which  has  not  come  into 
our  discussions  until  introduced  by  Mr.  Nunn  just  now.  It  is  the  human 
side.  All  the  power  transmission  systems  that  we  have  now,  transmitting, 
at  what  might  be  termed  high  voltages  (10,000  volts  or  over),  something 
like  a  million-and-a-quarter  of  horse-power,  in  which  we  had  no  experience 
ten  years  ago,  have  made  an  evolution  not  only  in  pins  and  insulators  but 
also  in  men.  The  men  have  had  to  be  developed;  they  have  had  to  go 
from  one  kind  of  work  to  assume  responsibilities  in  larger  work,  with 
more  exacting  and  unknown  conditions,  and  if  the  curve  of  electrical 
activity  is  going  to  keep  on  increasing,  more  men  for  the  work  we  are 
doing  now,  and  more  men  for  undertaking  these  new  problems  must  be 
developed.  The  colleges  are  doing  much.  I  have  met  during  this  week  a 
host  of  young,  enthusiastic,  energetic  college  professors  who  are  here  in 
touch  with  the  work  of  this  Congress  and  of  the  exposition,  and  who  are 
going  back  to  keep  on  grinding  out  young  electrical  engineers.  Those 
young  men  were  not  appearing  fifteen  years  ago;  the  colleges  were  not 
then  making  them;  the  college  did  not  have  the  facilities.  Now  it  is 
turning  them  out  in  great  numbers.  Manufacturing  companies  are 
taking  them,  operating  companies  are  taking  them,  not  only  in  power 
work,  but  telephone  and  other  companies,  and  I  believe  the  important 
thing  now,  the  big  evolution,  in  a  way,  in  electrical  work,  is  the  develop- 
ment of  young  men  who  are  going  to  be  a  big  factor  in  this  work  in  the 
next  ten  years.  In  the  company  with  which  I  am  connected  men  are 
received  and  given  a  training  for  a  couple  of  years,  such  as  that  of 
which  Mr.  Nunn  speaks,  and  I  was  surprised  a  few  days  ago  to  see  in  a 
list  of  the  men  who  have  been  received  within  the  last  three  or  four 
months  that  practically  fifty  institutions  are  represented  by  from  one  to 
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half-a-dozon  mpn.  Now,  not  quite  so  large  quantitatively,  perhaps,  but 
in  the  same  general  line  qualitatively,  Mr.  Nunn  is  going  to  take  young 
men  and  give  them  opportunities  for  running  a  station  and  learning  the 
operation  of  a  power  transmission  system;  and  the  elegance  of  his  sta- 
tion and  of  the  cottages  and  facilities  which  he  is  building  up  at  Provo 
mean  that  the  young  men  are  going  to  be  well  taken  care  of  in  other 
ways  besides  electrically. 

Mr.  Peck  then  read  the  paper  by  Mr.  L.  M.  Hancock,  entitled  "  The  Bay 
Counties  Power  Company's  Transmission  System." 


THE  BAT  COUNTIES  POWER  COMPANY'S 
TRANSMISSION  SYSTEM. 


BY  L.  M.  HANCOCIv, 


In  treating  of  this  subject  it  is  taken  for  granted  that  the  major- 
ity are  familiar  with  the  details  of  the  Bay  Coiiniies  Power  Com- 
pany's system  which  now  forms  a  less  important  part  of  the  plant 
of  the  California  Gas  and  Electric  Corporation. 

Only  an  outline  of  the  general  and  controlling  features  will  be 
given,  dealing  more  at  length  with  the  organization  of  the  forces 
to  operate  the  plant  and  to  carry  on  construction  and  repairs. 

Considering  organization^  the  plant  falls  into  the  following  three 
natural  divisions : — 

1.  Generating. 

2.  Transmitting. 

3.  Distributing. 

The  first  comprises  all  water  systems  and  power  houses.  The 
second,  all  high  potential  transmission  lines  and  their  fixtures.  The 
third,  all  substations  and  low  potential  lines  and  their  fixtures. 

The  main  features  of  the  plant  and  the  attention  they  require  are 
as  follows : 

Diverting  Dam.  Log  crib,  rock  filled,  40  feet  high  and  about 
200  feet  long  on  the  crest.  The  intake  and  headgates  were  of  con- 
crete and  very  massive  and  ruggedly  substantial  throughout.  The 
dam  needed  and  could  get  attention  only  during  periods  of  low 
water ;  then  it  was  examined  thoroughly  each  year  and  whatever  re- 
pairs were  necessary  were  made  preparatory  to  another  season's  sub- 
mergence which  lasted  the  greater  part  of  the  year.  The  gates  and 
intake  needed  some  attention  which  was  all  given  by  the  flume  men. 

Main  Flume.  Seven  feet  wide,  six  feet  deep,  seven  and  one-half 
miles  long,  through  one  of  the  most  rugged  pieces  of  canyon  in  the 
State.  This  was  the  most  difficult  part  of  the  system  to  construct 
on  account  of  inaccessibility.  It  was  also  one  of  the  most  difficult 
parts  of  the  system  to  keep  up  to  a  high  standard  of  repair,  and  on 
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account  of  local  conditions  must  be  very  carefully  watched  to  avoid 
danger  and  to  care  for  the  numerous  accidents  as  they  arose.  It 
must  all  be  inspected  each  day  to  take  care  of  many  little  things 
that  needed  prompt  and  immediate  attention  though  the  main 
repair  work  was  attended  to  once  a  year. 

The  Main  Penstock  at  the  end  of  this  great  flume  was  built  of 
concrete  and  besides  receiving  water  from  the  main  flume  was  ar- 
ranged to  be  fed  in  an  emergency  with  water  from  Lake  Francis, 
through  9000  feet  of  36-inch  wooden  stave  pipe,  1/2  mile  of  natural 
channel  and  3000  feet  of  rapid  flume.  This  penstock  delivers 
water  to  Colgate  and  to  the  old  Brown's  Valley  irrigation  system. 
On  account  of  previous  troubles  with  the  pipe  lines,  variations  in 
the  flow  of  water,  and  the  great  dependence  put  on  this  plant, 
watchmen  were  stationed  at  the  penstock  and  held  there  constantly. 

The  Five  Thirty-Inch  Pipes  carry  the  water  from  the  penstoclc 
and  deliver  it  into  the  receivers  back  of  the  power  house.  These 
pipes  were  very  carefully  installed  and  need  only  an  occasional  in- 
spection, which  is  given  by  the  power  house  superintendent  or 
foreman  after  severe  storms  early  in  the  spring  and  late  in  the  fall. 

Being  covered  for  the  greater  part  of  the  way,  this  inspection  of 
course  only  takes  in  exposed  portions  and  surface  indications,  leaks, 
conditions  of  retaining  walls,  breakwaters,  etc. 

Water  is  distributed  from  the  receivers  to  the  IG  water  wheels 
through  small  pipes  and  suitable  gates.  All  the  small  pipes,  con- 
nections, gates,  etc.,  near  the  power  house  get  regular  attention  from 
the  forces  employed  there.  Inspections  are  frequent  and  every  item 
has  continual  care. 

The  power  house  equipment  is  as  follows : — 

Generators. 

3  2000-kw,  240  r.p.m.,  3-phase,  60-cycle,  2400-volt,  inductor. 

3     900-kw,  360  r.p.m.,  3-phase,  60-cycle,  2400-volt,  inductor. 

1  720-kw,  286  r.p.m.,  2-phase,  133-cycle,  2400-volt,  inductor. 

2  50-kw,  800  r.p.m.,  exciters. 

Suitjrble  tangential  water  wheels  with  deflecting  nozzles  are  directly 
connected  to  each  generator  and  exciter.  The  low-potential  switch- 
ing is  made  as  simple  as  possible  and  only  such  instruments  are 
centralized  as  are  needed  to  control  the  plant.  The  balance  are 
scattered  about  the  building  near  the  apparatus  to  which  they  be- 
long.   Oil  switches  are  used  exclusively  for  the  2400-volt  circuits, 
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at  which  voltage  all  the  machines  operate.  The  Transform  as  arc 
all  oil-insulated  and  water  cooled,  the  majority  of  them  are  750 
kw,  but  there  are  a  number  of  smaller  sizes.  They  all  require 
almost  no  care  and  being  in  the  power  house  have  constant  attention. 

All  low-potential  wires  and  cables  are  run  in  a  subway,  while 
all  the  high  potential  wires  and  connections  arc  overhead  in  the 
gallery.  Originally  an  immense  amount  of  wood  was  used  i]i 
mounting  the  high-potential  switches,  lightning  arresters,  etc. 

This  construction  was  all  destroyed  in  a  fire,  March,  1903,  and 
has  been  replaced  by  a  brick  and  tile  and  steel  construction  built 
up  on  the  cellular  system. 

The  unique  feature  of  Colgate  is  the  number  and  variety  of  very 
high  potential  circuits  radiating  from  the  plant.  The  following 
table  gives  a  list  of  them : — 
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This  variety  of  service  can  only  be  handled  successfully  at  the 
power  house  end  by  either  using  individual  transformers  for  each 
line,  by  using  a  great  many  high-potential  switches,  or  a  combina- 
tion of  the  two  methods.  The  first,  however,  makes  it  necessary  to 
have  a  great  deal  more  transformer  capacity  than  is  necessary  for 
the  loads  handled.  The  second  method  was  pioneering  to  an  alarm- 
ing extent.  Therefore  the  third  method  was  adopted  planning  to 
use  as  few  of  both  devices  as  possible.  The  odd  phase  and  voltage 
lines  had  to  have  separate  transformers  which  were  operated  from 
the  low  potential  switches  and  were  to  all  intents  and  purposes  a 
part  of  their  respective  lines.  The  growth  of  the  plant  was  sucli 
that  the  odd  voltage  three-phase  lines  could  not  be  avoided ;  however 
it  was  planned  ultimately  to  have  these  all  operated  at  the  same 
tension. 
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The  question  of  high -potential  switching  was  one  of  very  great 
moment  and  must  be  solved,  yet  it  is  not  to  be  trifled  with. 

There  were  four  designs  of  switches  employed,  as  follows : 

First,  an  emergency  switch,  which  when  ojjen  or  closed  was  per- 
fectly safe  but  would  not  stand  being  opened  under  full  voltage 
and  heavy  current.  This  was  simply  a  blade  about  thirty  inches 
long  with  jaws  mounted  on  large  insulators  which  were  carried 
and  held  in  place  by  suitable  frame  work,  the  blades  being  pivoted 
to  one  of  the  jaws.  These  switches  were  suitable  for  cutting  out  a 
dead  line  or  would  open  the  full  voltage  of  a  thirty  mile  line  if 
there  were  no  load  on  it.  They  were  also  adapted  for  cutting  in  and 
out  banks  of  unloaded  transformers  but  with  full  voltage  on.  They 
were  used  in  series  with  main  switches,  lightning  arresters  and 
other  devices  that  must  be  taken  out  of  service  occasionally  without 
having  to  shut  down,  and  were  also  employed  for  temporary  work 
and  testing. 

Second,  the  Stanley  switch,  which  was  arranged  to  break  the  arc 
in  a  tube  filled  with  plaster  paris.  This  served  the  purpose  in  the 
absence  of  anything  better,  but  was  clumsy,  slow  of  operation  and 
often  out  of  repair. 

Third,  the  oil  switch  with  horizontal  break.  This  switch  was  not 
installed  where  it  had  to  handle  heavy  loads,  but  there  were  some 
very  severe  tests  put  on  it  which  it  stood  remarkably  well.  These 
tests  consisted  of  opening  a  dead  short  at  a  distance  of  100  miles 
from  Colgate  with  full  generator  capacity  behind  the  line. 

Fourth,  the  oil  and  water  switch.  This  switch  in  its  original 
form  was  put  under  extremely  severe  tests  which  it  stood  wonder- 
fully well,  opening  25  dead  shorts  on  a  40  K.V.  line  in  quick  suc- 
cession, some  of  which  were  240  miles  from  the  generator  via  the 
pole  line.  However  the  design  of  this  switch  was  not  suitable  to 
the  duties  required  of  it.  During  a  severe  lightning  storm  it  broke 
down  and  was  not  replaced.  The  consensus  of  results  pointed  to  the 
horizontal  break  oil  switch  as  the  one  that  stood  the  test  of  actual 
service  the  best  of  any. 

The  Substations  and  the  wiring  for  them  were  as  various  as 
could  be  imagined.  The  transformers  as  a  general  thing  were 
wound  so  that  they  could  be  used  anywhere  on  the  system,  and  taps 
were  brought  out  so  that  either  three-phase  or  two-phase  circuits 
could  be  fed  from  them.  Three  transformers  were  generally  used 
and  taps  were  brought  out  from  the  winding  so  that  the  voltage 
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could  be  varied  as  needed.  When  two-phase  service  was  given  from 
three  transformers,  it  was  found  unsatisfactory  for  motor  work  on 
account  of  the  regulating  coils  varying  the  phase  angle.  In  several 
cases  a  single  transformer  was  installed  for  single-phase  service  in 
small  towns,  the  high-potential  side  having  one  wire  attached  to 
one  of  the  line  wires  and  the  other  to  a  ground  plate,  very  satis- 
factory service  being  given  in  this  way  in  small  towns. 

The  substation  buildings  varied  from  steel  frames  covered  with 
corrugated  iron  in  important  locations,  to  an  ordinary  wooden  build> 
ing  in  some  of  the  small  towns. 

The  Switchboards  in  a  few  of  the  larger  stations  were  quite  com- 
plete, but  in  the  majority  were  very  simple,  there  being  generally 
apparatus  to  meet  only  the  most  urgent  needs.  High-potential 
switches  were  usually  provided  in  each  station;  in  the  larger  ones 
they  were  either  Stanley  or  horizontal  oil  break;  in  the  smaller 
stations,  the  cheapest  kind  of  a  long  knife  switch.  Devices  were 
usually  provided  outside  to  cut  the  line  clear  from  the  building. 
Ten  substations  were  put  into  service  when  the  line  went  into 
commission.  In  three  years  this  number  had  increased  to  twent}'- 
six.    The  majority  of  these  stations  needed  little  attention. 

The  organization  of  the  forces  to  operate  this  system  was  a  most 
difficult  task.  There  was  no  experienced  class  to  draw  from  so 
men  had  to  be  educated  for  the  work,  and  meanwhile  the  system  had 
to  be  kept  going.  There  must  be  more  men  than  was  actually  neces- 
sary, yet  in  the  trying  out  of  so  much  new  apparatus  there  was  no 
telling  how  many  men  would  be  needed  for  emergency  work.  Thera 
must  be  no  delays  in  repairing  breaks  for  financial  men  the  country 
over  were  watching  the  results  and  a  little  parsimony  might  mean 
thousands  of  dollars  lost  in  depreciated  securities. 

The  water  system  consisted  of  the  following  items  in  the  order 
of  their  importance : 

First :    Main  section,  dam,  flume,  and  penstock. 

Second:    Auxiliary  section,  Lake  Francis  system. 

Third :  The  middle  section  from  Colgate  penstock  to  the  Brown's 
Valley  power  house. 

Fourth:  The  lower  section  below  the  Brown's  Valley  power 
house. 

The  Lake  Francis  auxiliary  system  is  placed  second  in  order  of 
importance,  though  as  it  exists  it  is  not  worthy  of  the  place  for  it 
is  so  far  removed  and  the  conduits  are  so  small  that  it  does  little 
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good  as  an  auxiliar}'.  The  writer  urged  very  strongly  when  the 
original  plans  were  made  that  they  provide  a  penstock  reservoir  of 
suiEcient  size  to  operate  the  plant  for  a  few  hours  at  least.  Had 
this  been  done  the  operating  expenses  of  the  hydraulic  system  could 
have  been  kept  at  less  than  one-half  of  what  was  found  to  be  neces- 
sary. In  other  words,  an  average  of  ten  men  arc  now  needed  if  the 
system  is  kept  up  to  the  proper  standard,  while  with  the  reservoir 
only  four  would  be  needed;  a  saving  of  $5,400  per  year  which 
capitalized  at  5^  equals  $108,000. 

This  sum,  plus  the  actual  cost  of  the  Lake  Francis  system  would 
have  been  amply  sufficient  to  put  in  the  reservoir  L^uggested. 

This  is  an  excellent  illustration  of  how  the  design  may  affect  the 
future  operating  expenses. 

The  conditions  facing  us  were  these:  The  system  as  installed 
must  be  utilized  to  its  fullest  extent  and  at  the  least  cost.  With 
this  understanding  the  following  organization  was  adopted: 

Superintendent  —  roreman: 
Main  Section: 

6  Flumemen. 

2  Penstock  watchmen. 
Auxiliary  Section: 

Permanent  watchman  at  lake. 

One  winter  watchman  at  end  of  wooden  stave  pipe. 
Middle  Section: 

4  Ditchmen. 
Lower  Section : 

1  Ditchman.  , 

This  force  handled  all  the  work  well  except  the  yearly  repair  work 
and  cases  of  extreme  emergency.  Then  extra  men  were  brought  in 
from  other  parts  of  the  system  or  from  outside  sources. 

While  the  flume  was  new  there  was  no  great  trouble  in  making 
the  natural  repairs,  but  as  it  grew  older,  timbers  began  to  rot,  twist, 
and  crack  and  repairs  of  magnitude  had  to  be  made.  Many  places 
were  patched  up  and  from  thQ  very  nature  of  things  had  to  be  left 
till  an  opportunity  came  for  thorough  work.  As  long  as  the  plank- 
ing that  actually  held  the  water  remained  intact  the  balance  of  the 
repairs  could  be  made  with  extra  care  and  expense,  but  when  a 
rock  would  come  rolling  down  the  hill  and  knock  out  the  under- 
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pinning  or  smash  a  hole  through  the  flume  itself,  it  was  simply  a 
case  of  shut  down  till  damaged  parts  could  be  replaced. 

This  shutting  down  of  10,000  horse  power,  even  for  a  few  hours, 
was  no  idle  matter  and  a  thing  every  one  dreaded. 

The  superintendent  of  the  water  system  held  an  anomalous  posi- 
tion ;  while  taking  his  orders  from  the  general  superintendent  direct, 
he  must  at  the  same  time  take  orders  from  the  Colgate  superin- 
tendent in  regard  to  the  water  furnished  for  the  power  house. 

He  must  get  over  the  whole  of  his  system  at  least  every  montii 
and  must  be  on  hand  to  take  care  of  any  emergency  that  might  arise 
on  the  main  flume,  and  there  were  many  places  on  this  important 
section  that  had  to  be  watched  continually  in  order  to  meet 
difficulties  half  way. 

The  foreman  devoted  all  of  his  spare  time  on  the  main  section, 
supervising  repairs,  looking  after  the  placing  of  new  material, 
maintaining  discipline  and  ever  holding  himself  in  readiness  for 
emergencies.  The  six  flume  men  did  little  but  patrol  the  flume; 
minor  details  they  took  care  of  however  and  always  helped  in  cases 
of  an  accident.  Two  men  were  kept  on  watch  at  the  penstock  all 
the  time. 

These  could  do  but  very  little  except  to  stop  any  leak  that  might 
occur  in  the  neighborhood,  keep  rubbish  off  the  rack  at  the  entrance 
to  the  penstock  and  attend  to  the  adjustment  of  the  various  gates 
in  the  neighborhood.  If  there  were  a  break  in  the  flume,  one  or 
both  were  expected  to  assist  in  its  repair.  There  was  an  elaborate 
system  of  floats  and  electric  bells  installed  for  detecting  low  water 
at  various  points  a  mile  or  more  above  the  penstock  but  these  devices 
were  seldom  of  any  value  except  to  talk  about. 

Wlien  anything  happened  of  a  serious  nature,  the  water  always 
slacked  away  so  quickly  that  everything,  flume,  penstock  and  all 
was  emptied  before  the  water  wheel  nozzles  could  be  closed. 

There  were  14  gates  to  close  these  nozzles,  each  gate  requiring 
ten  minutes  to  operate  it ;  hence  with  only  three  men  on  shift  to  do 
this  it  was  quite  a  simple  matter  to  predict  what  would  happen. 

On  the  middle  section  four  ditchmen  were  employed  who  did 
practically  all  the  repair  work  on  their  beats  besides  making  their 
tour  of  inspection  each  day.  This  part  of  the  system  consisted  of 
20  miles  of  ditch  and  flume.  It  carried  only  1,200  inches  of  water 
and  was  an  old  settled  piece  of  work. 

The  lower  section  of  the  water  system  consisted  of  22  miles  of 
Vol.  11  —  28 
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ditch  and  a  few  short  flumes  and  inverted  syphons  and  as  it  fur- 
nished only  some  irrigation  v/ater  and  some  little  desultory  mining, 
it  was  of  so  slight  importance  that  one  man  handled  it  successfully. 
Each  year  a  force  of  from  ten  to  twenty  men  were  put  on  for  a 
few  weeks  doing  general  repair  work.  At  this  time  every  feature 
of  the  system  got  an  overhauling  and  whatever  repairing  it  needed. 
Thus  the  whole  system  was  put  in  readiness  for  another  year  of 
hard  service. 

The  handling  of  this  water  system  while  very  exacting,  involved 
nothing  new  or  strange.  Materials  such  as  men  were  familiar  with 
were  used  and  the  handling  of  flumes  was  no  new  work  for  Cali- 
fornians  with  but  this  one  exception;  for  power  purposes  without 
any  storage,  the  full  licad  must  be  kept  running  all  the  time,  while 
the  ordinary  service  to  which  flumes  are  applied  water  can  be 
turned  out  at  any  moment  it  may  be  desired  without  causing  any 
serious  trouble. 

The  water  system  was  peculiar  in  that  none  of  the  men  ever 
saw  any  of  the  customers  of  the  company  and  in  fact  seldom  saw 
any  but  their  immediate  fellow  workmen.  Their  cabins  were  in 
very  isolated  places  and  they  seldom  met  any  of  the  officers  of  the 
company.  Theirs  was  a  monotonous  life  with  but  little  to  inspire 
them.  Their  business  was  to  deliver  water  and  as  long  as  that  was 
done  no  one  complained  nor  did  they  praise. 

The  Colgate  power  house  was  the  center  of  the  whole  system  and 
the  whole  aim  of  the  operators  was  to  put  out  energy. 

This  was  dependent,  (a)  on  the  water  system  delivering  water 
to  them;  (b)  on  their  ability  to  utilize  it  and  to  keep  in  working 
order  the  apparatus  in  their  care;  (c)  on  the  line  department  keep- 
ing the  lines  in  order,  to  transmit  what  they  generated;  and  (d) 
somewhat,  on  the  distribution  system  being  able  to  receive  and  de- 
liver to  the  customers  what  the  line  department  handed  over  to 
them. 

After  the  power  house  force  had  kept  its  apparatus  in  repair  and 
in  operation,  they  must,  in  order  to  succeed,  be  in  harmony  and  in 
close  touch  with  all  the  other  parts  of  the  plant.  Hence  the 
emphasis  on  a  complete  and  efficient  system  of  communication. 
This  was  not  so  evident  on  the  water  system,  for  immense  systems 
of  flumes  and  ditches  have  l^een  and  are  operated  without  any  means 
of  communication  other  than  messenger  or  mails. 

Items  (a),  (b)  and  (d)  did  not  interest  the  power  house  force; 
they  must  concentrate  on  their  own  troubles. 


HANCOCK:     BAY  COUNTIES  SYSTEM.  435 

The  principal  item  on  which  success  depended  liere  was  the  re- 
pairs of  damaged  or  worn-out  apparatus,  so  in  order  to  facilitate 
this  a  large  supply  of  new  material  and  spare  parts  were  kept  on 
hand  and  a  large  and  well  equipped  machine  shop  was  installed  and 
men  were  appointed  on  the  force  that  could  utilize  these  tools  to 
their  full  value. 

The  forces  here,  though  dependent  so  much  on  the  others  for 
success,  were  never  allowed  to  get  the  idea  of  covering  their  own 
mistakes  by  attracting  attention  to  the  troubles  of  others.  The 
handling  of  this  power  house  had  only  these  three  features  that 
distinguished  it  from  all  other  large  power  houses. 

First.  It  must  feed  numerous  high  voltage  lines  of  various 
voltages,  phases,  cycles  and  lengths. 

Second.  It  must  run  in  parallel  with  other  large  plants  that 
were  many  miles  distant  and  operated  at  different  voltage  and  phase. 

Third.  Its  service  reached  almost  every  known  business  where 
power  can  be  utilized,  and  there  was  not  a  moment  in  the  year 
when  a  great  many  were  not  exceedingly  anxious  for  energy. 

Wliile  this  was  the  case,  the  only  feature  of  uncertainty  at  the 
start  was  that  of  the  high-potential  lines,  switches,  lighting  ar- 
resters, etc.,  but  after  a  year's  experience  it  was  found  that  to  this 
apparatus  could  be  charged  no  more  than  a  proportionate  share  of 
the  troubles. 

It  was  decided  that  for  Colgate  there  should  be  the  following 
organization : 

Superintendent  ranking  as  a  division  superintendent: 
Foreman : 

Assistant  Foreman: 

3  Shift  bosses. 

3  Operators. 

3  Oilers. 

]\Iachinist. 

Apprentice  to  Machinist. 
2  Telephone  Operators. 
Repairmen  as  needed. 

The  superintendent,  while  not  having  absolute  authority  over  the 
flume  superintendent,  in  the  one  question  of  water  supply  his  word 
was  final.  Besides  this  he  was  a  man  of  much  wider  knowledge 
and  experience  which  was  all  of  very  great  value  to  the  company 
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and  of  which  they  wished  the  henefit.  It  was  ordered  that  each 
should  draw  on  the  other  in  case  of  need  and  they  must  be  in 
perfect  harmony  with  each  otlier.  Besides  having  charge  of  Col- 
gate, this  superintendent  had  charge  of  a  small  power  house  of 
1,000-horse  power  situated  about  nine  miles  distant  and  known  as 
the  Brown's  Valley  plant.  On  account  of  this,  the  Colgate  and  the 
water  system  superintendents  were  brought  into  still  closer  contact. 
The  Colgate  foreman  had  charge  of  all  the  day  work,  operating, 
repairs,  new  work,  etc.,  and  ranked  next  to  the  superintendent.  The 
assistant  foreman  had  charge  of  all  the  night  work  and  ranked  next 
to  the  foreman.  The  shift  bosses  were  under  the  foreman  and 
assistant  foreman  and  had  charge  of  the  operation  of  the  power 
house  during  their  shifts. 

They  were  directly  responsible  for  everything  that  happened  and 
the  condition  of  the  apparatus.  They  must  see  that  everything 
was  all  right  when  they  took  charge  and  anything  wrong  when 
they  came  on  duty  must  be  reported  at  once  else  they  would  be  held 
responsible.  They  were  also  responsible  for  the  two  men  under 
them.  Each  shift  was  8  hours  and  the  operators  were  changed  one 
shift  ahead  each  two  weeks.  The  machinist  and  his  apprentice  were 
free  lances  that  had  to  do  whatever  was  to  be  done  at  whatever  time 
it  was  necessary.  They  did  the  greater  part  of  repairing  and  im.- 
proving  of  machinery. 

The  lines  which  have  always  been  the  "  weak  sister  "  demanded 
and  got  especial  care  and  attention.  It  might  be  said  on  general 
principles  that  there  never  is  enough  money  put  into  the  lines. 

We  will  deal  alone  with  the  140-mile  line,  because  this  is  typical 
of  how  all  the  others  were  handled,  especially  those  carrying  the 
higher  potentials.  The  greatest  care  was  taken  in  handling  them, 
for  they  were  unusually  long  and  every  move  was  watched  with 
the  keenest  interest.  Failures  would  receive  the  severest  censure, 
because  reaching  to  the  very  doors  of  San  Francisco  the  service  we 
were  giving  would  be  before  the  public  in  a  much  more  important 
and  effective  way  than  anything  we  had  yet  handled.  If  the  street 
cars  of  Oakland,  which  were  the  principal  load  at  the  start,  did 
not  run,  the  men  who  handled  them  and  the  public  too  were  not 
slow  to  blame  the  trouble  on  the  source  of  power.  Hence  every 
detail  was  studied  and  every  plan  possible  carried  out  to  get  com- 
plete reports  of  the  condition  of  the  line  every  few  hours  of  the 
day.     Elaborate  precautions  were  taken  to  discover  any  weakness 
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and  repair  it  before  a  break  down  could  result.  However,  we  could 
not  always  tell  just  how  fast  things  were  going  to  happen.  There 
were  three  items  that  required  attention: 

First:  The  watching  of  the  line  and  searching  for  weak  places 
as  they  developed. 

Second:  The  completion  of  the  work  which  the  construction 
forces  had  not  the  time  to  finish  and  the  building  of  new  branch 
lines. 

Third:  The  repairing  and  changing  of  parts  that  were  found 
to  be  faulty  or  unsuited  to  the  conditions. 

To  attend  to  these  the  following  plan  of  organization  was 
adopted : 

Line  Superintendent  ranking  as  division  superintendent : 
Assistant  Superintendent; 
Patrolmen. 
Foreman  repair  gang: 

Linemen. 

Laborers. 
Bookkeeper. 
Telephone  Expert. 

Superintendent  of  new  Construction: 
Engineers. 
Surveyors. 

Eodmen. 

Chainmen. 

Axmen. 

Laborers. 
Foreman  Construction  Gang: 

Linemen. 

Teamsters. 

Laborers,  etc. 
Freight  Distributing  Agent. 

The  superintendent  of  lines  for  the  first  rear  spent  nearly  all 
his  time  getting  back  and  forth  along  the  line,  studying  conditions 
as  developments  came,  instructing  the  men,  and  keeping  them  up 
to  their  work.  The  importance  of  this  work  made  great  demands 
on  the  time  of  the  general  superintendent. 

The  assistant  line  superintendent  devoted  a  good  deal  of  his  at- 
tention to  the  office  work,  checking  reports,  ordoi'iug  and  forward- 
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ing  material,  looking  after  the  repair  work,  and  working  between 
trips  with  the  line  superintendent. 

The  telephone  expert  was  in  a  position  that  he  had  to  work  under 
nearly  all  the  superintendents  though  he  was  nominally  under  the 
line  superintendent.  His  was  a  study  in  harmony.  His  work  ex- 
tended from  one  end  of  the  plant  to  the  other  and  as  the  name 
indicates  devoted  the  greater  part  of  his  time  to  the  solving  of  diffi- 
culties, designing  and  installing  protective  devices  and  working  the 
telephone  system  so  the  highest  efficiency  could  be  obtained.  He 
was  always  supplied  with  material  and  men  on  call.  If  communica- 
tion could  not  be  maintained,  the  plant  could  not  be  operated. 

The  superintendent  of  construction  was  utilized  almost  exclu- 
sively on  new  work,  and  hence  had  little  to  do  with  the  operation 
of  any  of  the  lines,  except  when  they  first  went  into  commission. 
He  was  expected  to  use  every  opportunity  to  study  developments 
in  order  to  assist  in  any  way  possible  to  the  general  success. 

In  order  to  care  for  the  line  thoroughly,  patrolmen  enough  were 
put  on  so  that  they  had  an  average  of  14  miles  to  cover  each  day. 
In  the  mountains  and  marshes  the  beats  weie  shorter  and  in  the 
valleys  longer. 

The  whole  line  must  be  put  into  shape  so  every  part  of  it  could 
be  reached.  In  the  hills  trails  must  be  dug,  creeks  bridged  and 
barns  built  for  horses.  In  the  marshes  and  flooded  lands  boats 
must  be  provided,  everywhere  gates  must  be  put  in  fences  and  above 
all  certain  communication  must  be  provided. 

The  work  required  that  the  patrolmen  should  not  do  very  much 
of  the  actual  labor  connected  with  the  upkeep  of  the  line.  They 
carried  a  number  of  tools  and  a  portable  tolophono  and  were  always 
called  on  in  omorgencies.  They  must  report  on  duty  in  the  morn- 
ing, get  over  their  beat  at  a  slow  enough  gait  to  be  sure  of  tlie 
condition  of  every  detail,  report  several  times  during  the  day  and 
report  off  duty  at  night.  Usually  by  the  time  they  had  attended  to^ 
all  the  above,  they  had  accomplished  a  very  good  day's  work.  ]\Iost 
of  these  men  used  saddle  horses;  in  fact  there  were  only  one  or 
two  beats  where  a  wheeled  vehicle  could  be  used  to  advantage. 
Material  was  stored  at  various  places  along  the  line  so  that  it  could 
be  reached  conveniently  in  case  of  trouble.  The  work  of  patrolling 
was  so  new  that  there  was  no  class  of  trained  men  to  draw  from 
so  each  patrolman  had  to  be  educated.  In  fact  the  officers  in  charge 
had  to  make  an  unur^ually  close  study  of  it,  living  with  it  almost 
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night  and  day  for  two  years.  A  host  of  questions  were  asked 
and  few  of  them  answered  before  the  line  went  into  service.  As 
the  answers  came  they  must  be  recognized  quickly  and  the  work 
pushed  accordingly. 

It  looks  a  little  strange  to  put  on  a  repair  gang  almost  before 
an  installation  has  gone  into  actual  service.  This  was  on  account 
of  the  work  being  so  new  that  there  was  no  experience  to  guide  those 
who  designed  the  various  parts  of  the  equipment. 

Some  of  the  questions  to  which  we  had  to  learn  the  answers 
in  the  field,  were : 

To  what  extent  will  the  wooden  supports  of  the  line  be  destroyed 
by  the  high  potential  used? 

How  will  the  insulators,  which  were  a  composite  glass  and  por- 
celain, stand  the  actual  strain  of  operative  conditions? 

How  much  of  the  insulator  can  be  broken  off  before  it  must  be 
removed  from  the  line  ? 

How  much  dirt  can  accumulate  on  an  insulator  before  it  must 
be  cleaned  ? 

How  noisy  can  an  insulator  get  before  it  is  dangerous  ? 

What  effect"  will  fogs  produce  ? 

What  effect  will  rain  produce? 

If  a  line  gets  shut  down  in  a  rain  storm,  can  it  be  started  up  again 
and  with  what  difficulty? 

How  will  long  spans  stand  up? 

What  will  be  the  result  of  using  steel  for  line  supports? 

As  the  work  progressed  answers  came  to  all  of  these  about  as 
follows : 

Wood  pins  were  destroyed  by  the  hundreds  near  salt  water ;  cross- 
arms  a  few,  and  poles  only  two  or  three  in  the  course  of  three  years' 
service. 

Glass  is  not  suitable  for  high-potential  insulators  under  the 
conditions  as  they  exist  on  this  system.  An  all-porcelain  insulator 
has  been  and  is  being  substituted  for  the  composite  insulator  as  fast 
as  conditions  will  permit,  especially  near  salt  water. 

The  insulator  first  installed  had  so  little  margin  of  safety  that  if 
it  were  broken  at  all  it  was  ordered  removed  from  the  line. 

If  only  a  small  piece  were  chipped  out  of  the  edge  the  risk  was 
taken  for  a  time. 

The  only  place  where  we  had  trouble  with  the  acciimulation  of 
dirt  on  insulators  was  near  salt  water  and  cement  works. 
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There  may  be  a  good  deal  of  noise  at  an  insulator  on  a  wood  pin 
for  many  weeks  and  not  much  damage  result,  but  it  should  be 
watched  closely.  With  a  steel  pin  and  a  wood  cross-arm  this  noise 
will  not  be  anything  serious  except  in  some  unlooked-for  place,  due 
to  local  conditions.  These  should  be  watched  closely  on  general 
principles. 

Ocean  fogs  cause  the  burning  of  very  many  wood  pins,  while 
cross-arms  and  poles  suffer  but  little. 

Fogs  a  few  miles  back  from  salt  water  do  not  affect  either  pins, 
cross-arms  or  poles. 

Kain  is  Heaven's  own  blessing  on  a  high-potential  transmission 
line.  It  cleans  the  insulators  and  stops  a  good  deal  of  the  damage 
to  wooden  supports.  This  is  true  of  salt  water  districts  especially. 
The  first  few  drops  that  fall  after  a  prolonged  dry  spell  causes  a 
good  deal  of  a  display  which  soon  passes  however  and  all  is  quieter 
and  better  than  it  was  before.  This  display  does  not  affect  the  power 
house  load  to  an  appreciable  extent  nor  does  it  affect  lights  or 
motors. 

The  starting  of  this  line  in  a  rain  storm  never  caused  the  slight- 
est trouble,  in  fact  in  changing  from  one  line  to  the  other  full 
voltage  has  many  times  been  thrown  instantly  on  the  dead  line 
during  heavy  rain  storms  without  the  slightest  disturbance  that 
any  one  could  detect. 

The  experience  has  been  that  long  spans  are  preferable  in  almost 
every  case.  On  a  mountain  line  built  about  two  years  ago  some 
very  long  spans  were  used.  One  was  1,800  feet  with  the  regular 
line  conductor,  a  350,000  cm  stranded  aluminum  cable,  and  it  has 
given  the  best  of  satisfaction. 

Every  indication  is  that  steel  should  be  used  for  high-potential 
line  supports  from  the  ground  up  to  the  insulator  throughout  the 
S3'stem. 

The  substations  and  distribution  work  were  handled  almost  en- 
tirely by  the  local  men,  nearly  all  of  whom  were  under  a  separate 
management.  A  superintendent  of  this  work  was  maintained  whose 
duties  were  mainly  to  advise  the  local  men  in  regard  to  the  handling 
of  the  company's  property  and  to  see  that  it  had  proper  care. 

At  the  majority  of  the  substations  a  man  would  be  on  duty  only 
for  a  time  during  the  evening  when  the  lighting  load  was  on, 
unless  there  was  important  high-potential  switching  to  be  done. 

The  low-potential  distributing  systems  gave  very  little  trouble 
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and  it  was  very  seldom  that  they  were  not  able  to  utilize  the  cur- 
rent available. 

The  men  for  all  the  positions  were  very  carefully  selected  from 
the  whole  country.  The  repair  and  construction 'forces  were  used 
as  training  schools  for  men  for  permanent  positions  and  the  fore- 
men of  these  gangs  were  selected  with  this  specially  in  view.  These 
forces  were  used  too  as  places  to  lose  out  undesirable  characters. 

The  following  ideas  were  advanced  to  guide  in  the  handling 
of  the  men: 

First.  Harmony  must  be  maintained. 

Second.  There  inust  be  a  definite  sequence  of  authority  to  pre- 
vent working  at  cross  purposes. 

Third.  Each  man  must  respect  and  obey  the  officer  immediately 
over  him. 

Fourth.  Each  man  had  the  assurance  that  his  advancement  de- 
pended on  himself  alone;  that  all  the  higher  positions  of  the  operat- 
ing, repair  and  construction  forces  were  open  to  the  men  handling 
the  plant  if  they  would  fit  themselves  for  them. 

Fifth.  The  longer  the  time  of  service  the  better  the  pay. 

Sixth.  A  sufficient  number  of  men  must  always  be  kept  to  insure 
excellent  service,  but  there  must  never  be  so  many  that  each  man's 
time  will  not  be  fully  occupied. 

The  officers  and  the  sequence  of  their  authority  for  the  whole 
system  were  as  follows : 

General  Superintendent: 

Water  System  Superintendent: 
Foreman. 

Flumemen. 

Repairmen. 

Emergencymen. 
Auxiliary  Section : 

Lake  watchman. 

Winter  watchman  on  wood  stave  pipe. 
Middle  Section: 

4  ditchmen. 
Lower  Section: 

1  ditchman. 
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Colgate  Superintendent: 
Foreman : 

Assistant  Foreman: 
*   3  Shift  bosses, 
3  Operators. 
3  Oilers. 
[Machinist. 

Apprentice  to  Machinist 
2  Telephone  operators. 
Eepairmen,  etc. 
Superintendent  of  Lines : 

Assistant  Superintendent : 
Patrolmen. 

Foreman  repair  gang: 
Linemen. 
Laborers,  etc. 
Superintendent  Construction : 
Engineers. 
Surveyors. 

Chainmen. 
Rodmen. 
Asmen. 
Foreman : 

Linemen. 
Teamsters. 
Laborers,  etc. 
Time-keeper. 
Freight  agent. 
Superintendent  Substations. 
Substation  operators. 
Local  managers  of  business  distriofs. 

Chairman  Reott  thpn  rpad  the  paper  eontril)u1o(l  by  Afr.  R.  F.  TTayward. 
entitled  "  Soine  Practical  Experiences  in  the  Operation  of  Many  Power 
Plants  in  Parallel." 


SOME  PRACTICAL  EXPERIENCES  IN  THE 
OPERATION  OF  MANY  POWER  PLANTS  IN 
PARALLEL. 


BY    R.    F.    HAYWARD. 


Local  conditions  and  force  of  circumstances  have  developed  in 
the  United  States  and  Canada  several  large  power  systems,  consist- 
ing of  a  number  of  long-distance  transmission  plants  operating  in 
parallel,  and  suppl}dng  power  for  all  conceivable  purposes  over 
wide  areas  of  territory.  The  growth  of  these  systems  has  covered 
a  period  of  nearly  10  years,  and  the  time  is  opportune  to  review 
the  lessons  learnt  in  their  upbuilding.  The  mistakes,  technical  and 
financial,  which  were  necessarily  made  in  the  pioneering  of  long- 
distance transmission  of  poAver  have  been  turned  to  profit,  and 
plans  are  now  being  followed  out  along  comprehensive  lines,  to 
meet  the  demands  of  a  market  which  has  grown  more  rapidly  than 
ever  was  pictured  in  the  dreams  of  the  early  promoters. 

Three  large  systems  of  this  kind  have  grown  up  in  California 
under  the  control  of  the  Los  Angeles  Edison  Electric  Company, 
the  Standard  Electric,  and  California  Gas  &  Electric  Companies; 
the  State  of  Utah  is  almost  covered  by  the  lines  of  the  Utah  Light 
&  Railway  Company  and  the  Telluride  Power  Company;  in  Canada 
the  Montreal  Light,  Heat  &  Power  Company  is  operating  a  large 
parallel  system;  and  in  the  State  of  Xew  York  the  Hudson  River 
Power  Company  is  making, great  developments  in  this  line. 

The  technical  journals  are  ivll  of  articles  describing  and  illus- 
trating these  plants  and  the  ph3^sical  difficulties  encountered  in 
building  them,  but  very  little  has  been  written  about  their  opera- 
tion. A  description  of  the  difficulties  and  troubles  encountered 
and  overcome  in  the  course  of  eight  years'  operation  of  the  trans- 
mission plants  in  the  West  would,  in  the  hands  of  a  skillful  writer, 
form  a  most  instructive  and  exciting  story.  It  would  be  a  tale  of 
fights  with  the  forces  of  nature  in  the  great  valleys  and  mountains 
of  the  West;  fights  against,  ice,  snowslides,  fioods  and  rockfalls, 
brush-fires,  windstorms  and  lightning,  where  time  w^as  always  on 
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the  side  of  the  enemy.  It  would  be  a  record  of  simple  devotion  to 
duty  in  the  difficult  and  dangerous  situations  on  the  part  of  all  the 
operators. 

In  Utah,  where  the  author's  lessons  in  transmission  have  been 
learnt,  the  first  water-power  plant  was  started  in  June,  1896,  and 
from  the  very  first  was  operated  in  parallel  with  the  steam  plant 
in  Salt  Lake  City.  Other  plants  were  constructed  immediately 
after,  and  by  consolidation  and  reorganization  were  joined  together 
into  one  system.  The  Pioneer  Power  Plant  at  Ogden  was  run  in 
parallel  with  the  Big  Cottonwood  Plant,  50  miles  away,  for  the 
first  time  in  March,  1898.  Since  then  there  has  been  a  continuous 
growth  of  the  business,  until  the  beginning  of  1904  found  the  two 
systems  of  the  Utah  Light  &  Railway  Company  and  the  Telluride 
Power  Company  running  in  parallel,  covering  a  district  160  miles 
long  from  north  to  south  and  including  six  water-power  plants, 
two  steam  plants,  420  miles  of  high-tension  transmission  line,  and 
nearly  500  miles  of  circuit.  The  maximum  demand  on  the  two 
systems  was  about  10,000  kilowatts,  and  the  load  consisted  of  light- 
ing, street  railway,  and  power  for  all  kinds  of  service,  including 
flour  mills,  cement  works,  brickyards,  smelters,  air-compressors, 
cyanide  mills  and  other  mining  enterprises. 

A  complete  discussion  of  all  the  features  of  parallel  operation 
would  involve  the  consideration  of  almost  every  phase  of  power 
transmission.  Certain  points,  however,  stand  out  in  importance 
above  all  others,  and  they  will  be  discussed  in  the  following  order, 
viz.: 

1.  The  organization  of  the  operating  staff. 

2.  The  means  of  communication. 

3.  Load  factor,  and  the  economical  distribution  of  load  between 
steam  and  water-power  stations. 

4.  Speed  regulation. 

5.  Voltage  regulation  and  power  factor. 

6.  Arrangement  of  high-tension  lines,  switches,  and  transformer 
stations,  etc. 

7.  Sudden  disturbances  on  high-tension  lines,  from  lightning, 
etc. 

The  statements  made  in  this  paper  do  not,  of  course,  necessarily 
apply  to  systems  operating  under  different  conditions  to  those 
here  referred  to. 


HAYWARD:     POWER  PLANTS  IN  PARALLEL.  445 

1.  The  Organization  of  the  Operating  Staff. 

The  success  of  a  transmission  company  depends  more  upon  the 
organization  and  efficiency  of  its  operating  staff  than  on  anything 
else.  From  the  lowest  to  the  highest  there  should  be  an  ambition 
to  rise  to  higher  responsibilities  and  a  readiness  to  do  anything 
possible,  even  to  the  extent  of  taking  some  personal  risk,  in  order 
to  keep  the  service  going  through  storm  and  accident.  The  staff 
will  be  composed  of  technical  engineers  and  artisans.  The  techni- 
cal men  should  have  an  all-round  engineering  foundation,  and 
must  be  especially  trained  in  the  art  of  observation  —  mere  elec- 
tricians are  useless  in  a  large  power  plant.  The  artisans  should 
be  encouraged  to  study  with  correspondence  schools  as  much  as 
possible.  Even  a  helper  or  stoker  who  does  not  endeavor  to  pre- 
pare himself  for  a  higher  position  should  be  dropped  out.  In  the 
operation  of  many  power  plants  in  parallel,  more  than  in  any  other 
business,  is  it  necessary  that  there  be  perfect  harmony  between  all 
departments  and  confidence  between  operators  and  their  superiors. 

The  chief  operating  engineer  should  have  jurisdiction  over  all 
power-houses,  transmission  lines  and  distributing  stations,  and 
should  be  held  responsible  for  the  delivery  of  the  power  to  the  ser- 
vice mains.  His  headquarters  should  be  at  the  receiving  end  of  the 
system,  from  which  points  he  or  his  assistants  should  direct  all 
operations.  All  operating  engineers  should  be  technical  men  who 
know  every  corner  of  the  system.  The  superintendents  of  power 
stations  should  be  held  responsible  for  all  that  pertains  to  their 
stations,  whether  water  power  or  steam  plants,  and  should  be 
trained  artisans,  rather  than  technical  engineers. 

All  the  transmission  lines  operated  by  one  company  should  be 
under  the  care  of  one  man  who  should  have  under  him  a  capable 
staff  of  patrolmen.  It  does  not  pay  to  use  any  but  skilled  linemen 
for  this  work,  and  character  is  as  important  as  skill. 

2.  The  Means  of  Communication. 

It  is  impracticable  to  operate  many  power  plants  in  parallel  with- 
out private  telephone  service  between  all  power-houses  and  sub- 
stations. The  whole  telephone  system  should  be  laid  out  and 
operated  with  as  much  care  as  the  transmission  lines.  Every  im- 
portant station  should  have  two  lines  of  communication,  for  when 
an  accident  occurs,  a  power-house  may  be  inoperative  until  com- 
munication is  established.    It  is  good  practice  to  build  independent 
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telephone  lines  parallel  to  the  transmission  lines,  but  this  is  by  no 
means  necessary,  as  perfect  service  can  be  obtained  with  telephone 
lines  properly  arranged  on  the  same  poles,  either  with  or  without  a 
grounded  neutral  on  transmission  line,  and  the  indications  on  a 
telephone  are  invaluable  in  giving  warning  of  impending  troubles, 
in  locating  break-dowTis  and  in  indicating  high-volt  surges.  The 
requirements  for  good  telephone  services  are :  good  insulation,  both 
on  transmission  lines  and  telephones;  strong  construction,  so  that 
no  storm  will  break  the  wires;  good  protection  to  operators  against 
accidental  high  voltage;  and  transpositions  on  both  high-tension 
and  telephone  lines.  Without  sufficient  insulation  on  the  trans- 
mission lines  for  the  voltage  carried,  a  telephone  line  on  the  same 
poles  is  simply  inoperative.  For  the  telephone  line  itself  the  best 
of  insulation  can  be  obtained  by  using  porcelain  insulators  de- 
signed for  2000  volts  lighting  service  and  it  pays  to  do  this.  All 
wiring  inside  and  outside  of  buildings  should  stand  a  puncture  test 
of  2000  volts.  All  plugs  and  jacks  should  be  replaced  by  knife 
switches.  Knife  switches  should  be  arranged  so  that  both  bell  and 
telephone  can  be  cut  off  from  the  line.  The  telephone  should  be 
connected  on  only  when  in  use.  For  protection  of  telepliones  and 
operators  in  case  of  cross  with  high-tension  lines,  a  simple  spark- 
gap  to  ground  between  two  large  metal  cylinders  has  been  found 
quite  effective.  These  should  be  placed  in  a  fireproof  cell  or  out- 
side the  building.  Strength  is  best  obtained  by  using  porcelain 
insulators  and  No.  8  iron  wire.  No  copper  wire  of  less  size  than 
No.  6  B.  &  S.  will  stand  the  stress  of  weather  without  breaking,  and 
iron  works  very  well. 

Good  service  can  be  procured  by  placing  telephone  wires  close 
together  and  transposing  once  in  half  a  mile.  With  high-tension 
lines  untransposed  there  is  considerable  induction  between  tele- 
phone line  and  ground.  On  a  45-mile  28,000-volt  line  in  Utah, 
the  voltage  between  telephone  line  and  ground  from  this  cause  is 
about  1000,  but  in  spite  of  this  the  telephone  service  is  perfect 
even  in  wet  weather.  Of  course  any  one  ground  on  the  telephone 
line  renders  the  line  inoperative,  but  the  transposing  of  the  high- 
tension  line  will  probably  remove  this  difficult5\ 

3.  Load  Factor. 

The  economical  distribution  of  load  on  a  number  of  plants 
operating  in  parallel  is  dependent  on  the  load  factor  of  the  system. 
For  any  given  set  of  conditions,  covering  cost  of  construction  of 
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water  power  and  price  of  steam  coal,  there  is  a  certain  load  factor 
at  which  it  costs  the  same  to  generate  by  steam  as  water  power. 
If  the  load  factor  is  less  than  this  amount  it  pays  best  to  generate 
by  steam,  if  greater  by  water.  To  obtain  the  greatest  returns  from 
a  Avater-power  plant  every  cubic  foot  of  water  available  must  be 
utilized  economically.  On  a  stream  where  no  storage  is  possible 
this  means  a  constant  load.  If  there  is  sufficient  storage  to  take 
care  of  daily  fluctuations,  a  water-power  plant  may  be  run  econom- 
ically on  a  very  low  load  factor,  with  a  maximum  use  of  the  water 
equal  to  from  two  to  three  times  the  minimum  flow.  In  irrigation 
districts  however,  it  is  necessary  to  build  a  storage  reservoir  below 
the  power-house  as  well  as  above,  in  order  to  equalize  the  delivery 
of  water  to  the  ditches.  By  a  proper  combination  of  water-power 
plants  (some  with  storage,  others  without),  and  a  steam  plant,  all 
proportioned  properly  in  relation  to  one  another  and  to  the  load 
factor,  it  is  possible  to  utilize  every  cubic  foot  of  the  water  in  the 
minimum  season  and  to  obtain  an  economy  that  is  greater  than 
either  by  steam  alone  or  water  alone.  With  such  a  combination, 
the  water-power  stations  which  have  no  storage  can  always  be  run 
at  full  load;  and  when  water  is  scarce,  the  steam  plants  can  be  run 
at  full  load  all  the  time  and  the  peak  can  be  taken  by  the  water- 
power  storage  plant;  whereas  when  water  is  flush  the  steam  plants 
can  be  used  for  peak  loads  and  emergencies  only  or  can  be  shut 
down  altogether.  This  principle  can  be  extended  beyond  the 
fluctuations  of  a  day,  to  the  variations  of  a  season  or  a  year,  and 
advantage  can  be  taken  of  the  fact  that  the  low-water  season  of 
one  stream  does  not  coincide  with  that  of  another. 

All  this  is  being  done  in  Utah,  and  during  low-water  seasons  not 
an  available  drop  of  water  is  allowed  to  pass  the  Utah  Light  and 
Railway  Company's  power-houses  without  generating  power,  and 
that  without  interfering  with  irrigation. 

The  load  factor  of  a  mixed  system  of  lighting,  street  railway  and 
general  power  and  mining  service  is  not  higher  than  35  to  40  per 
cent  and  the  tendency  is  not  upwards.  Even  in  smelters  or  mining 
camps  where  operations  are  carried  on  day  and  night  the  load 
factor  is  never  much  greater  than  40  per  cent;  and  while  flour 
mills,  pumping  plants  and  some  other  operations  may  be  continu- 
ous, there  are  always  many  intermittent  services  to  affect  them. 
It  is  this  low  load  factor  that  limits  the  economical  distance  of 
power  transmission  more  than  anything  else. 
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4.  Speed  Eegulation. 

Good  speed  regulation  is  absolutely  essential  to  the  success  of  a 
large  power  system,  but  it  is  dependent  on  the  ratio  of  the  total 
variations  to  the  total  load  to  a  much  greater  extent  than  engineers 
generally  care  to  admit.  In  small  systems  supplying  power  for 
very  variable  loads,  goods  speed  regulation  is  hard  to  obtain  with 
the  best  of  governing  arrangements.  In  large  mixed  power 
systems,  however,  conditions  are  conducive  to  steady  speed,  for 
though  variations  of  load  produced  by  street  railways,  elevators, 
hoists,  etc.,  may  be  large  and  rapid,  no  change  in  speed  can  occur 
without  changing  the  speed  of  every  generator  and  motor  and 
every  piece  of  machinery  on  the  system.  In  addition  to  this  great 
total  inertia,  every  change  in  speed  of  machinery  is  accompanied 
by  a  corresponding  change  in  load,  which  is  another  factor  tending 
to  constancy  of  speed.  On  the  other  hand  a  large  motor  load 
introduces  variations  very  great  in  proportion  to  total  load  during 
the  dinner  hour  and  at  starting  time  in  the  morning. 

In  every  steam  or  water-power  plant  there  is  a  certain  time  limit 
between  the  variation  of  the  load  and  the  application  of  the  power 
to  meet  it.  This  time  limit  is  dependent  upon  the  design  of  the 
governor,  the  inertia  of  the  moving  parts  and  the  inertia  of  the 
steam  or  water.  When  operating  plants  in  parallel,  the  inertia  of 
the  moving  parts  is  the  inertia  of  the  whole  system. 

If  a  number  of  power  plants  operating  in  parallel  were  each 
equipped  with  the  same  kind  of  governor,  each  governor  being  ad- 
justed to  act  on  the  controlling  mechanism  at  the  same  time,  it 
would  be  found  that  an  increase  of  load  would  be  first  taken  up 
by  the  steam  plants,  next  by  the  water-power  plants  which  were 
running  on  a  constant  stream  with  impulse  wheels  and  deflecting 
nozzles,  next  by  turbine  plants  with  short  pipes  and  ample  fore- 
bay,  and  a  long  time  after  these,  by  impulse  wheel  or  turbine 
plants  where  the  regulation  was  performed  by  var}dng  the  velocity 
in  long  pipes.  In  order  to  make  such  an  aggregation  of  plants 
govern  simultaneously,  so  that  each  should  take  its  share  of  load 
variations,  it  would  be  necessary  to  adjust  the  governors  of  all  to 
the  time  limit  of  the  slowest  plant.  In  practice  it  has  been  found 
almost  impossible  to  do  this,  and  it  will  generally  be  found  that 
the  governing  of  a  system  of  this  kind  is  done  from  the  largest 
water-power  plant,  or  by  a  steam  plant,  or  possibly  by  both.  When 
a  steam  plant  is  running  in  parallel  with  water-power  plants  it  is 
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generally  "necessary  to  have  an  adjustable  dashpot  on  the  governor 
to  make  the  action  slow,  otherwise  the  steam  engines  will  have  to 
take  up  all  the  variations. 

The  solution  of  a  diflicult  governing  problem  is  now  being  at- 
tempted on  the  Telluride  Power  and  Utah  Light  &  Railway 
Company's  systems  which  are  paralleled  together  at  Salt  Lake  City. 
It  is  required  to  deliver  a  constant  amount  of  power  from  the 
former  to  the  latter  system,  while  at  the  same  time  each  has  to  be 
governed  for  its  own  variable  load.  To  do  this  with  speed  governors 
alone  is  a  physical  impossibility,  for  if  all  the  governors  could  be 
adjusted  to  work  within  the  same  time  limits  the  aggregate  load 
variations  of  the  two  systems  would  be  shared  in  proportion  to 
governing  capacity  on  each;  while  if  the  governors  are  not  ad- 
justed to  work  together,  the  quickest  acting  governors  will  take  up 
the  total  variations  on  both  systems.  In  either  case  there  must  be 
a  variation  in  the  power  passed  between  the  two  systems.  The 
I)roblem  might  be  solved  by  governing  each  system  by  independent 
electric  governors,  regulating  in  accordance  with  the  variations  of 
load  on  each  system  respectively.  The  arrangement  of  lines  and 
distributing  points  makes  this  impracticable  however.  The  only 
practical  solution  of  this  problem  lies  in  the  direction  of  increasing 
the  amount  of  power  delivered  from  the  one  to  the  other  system 
until  the  variations  caused  by  the  governors  bear  a  small  ratio  to 
the  total.  Tliis  problem  may  at  any  time  become  important  to  two 
large  systems  operating  in  adjacent  territories. 

5.  Voltage  Regulation. 

The  requirements  for  good  voltage  regulation  on  a  large  system 
running  several  plants  in  parallel  are : 

1.  Good  speed  regulation. 

2.  The  control  of  the  whole  system  by  one  engineer  operating 

from  the  main  receiving  and  distributing  center. 

3.  Good  inherent  regulation  of  all  generators. 

4.  Lines  of  ample  carrying  capacity  and  small  drop. 

5.  Ample  transformer  capacity  at  all  points  where  inductive 

apparatus  is  used. 

6.  Low-tension  distributing  systems  laid  out  for  small  drop  in 

feeders,  transformers  and  secondary  mains. 

7.  The  proper  control  of  idle  cui'rents  between  stations. 
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8.  The  regnlation  of  the  power  factor,  on  stations  or  on  dis- 
tributing system. 

If  these  points  are  all  attended  to,  good  service  can  be  given  with 
a  mixed  load  consisting  of  lightini^,  railway  and  power  service;  if 
any  one  of  these  is  neglected,  bad  service  must  result  on  part,  if  not 
on  the  whole,  of  the  system.  The  first  and  second  requirements 
have  already  been  discussed  here.  As  regards  the  fourth  require- 
ment it  may  be  pointed  out  that  a  transmission  S3'stem  having  a 
large  drop  is  justified  only  when  the  load  is  constant  and  the  loss 
of  power  immaterial  from  a  financial  point  of  view.  The  fifth  re- 
quirement is  also  fully  appreciated  now  and  all  transmissionmen 
know  by  experience  the  importance  of  providing  ample  transformer 
capacity  for  induction  motors  which  have  to  be  started  against  load. 
With  a  given  transformer  capacity,  the  resistance-in-armature  type 
of  motor  will  start  against  a  much  heavier  load  than  the  squirrel - 
cage  type,  simply  because  the  large  starting  current  of  the  latter 
type  reduces  the  voltage  so  much  more  than  the  small  starting 
current  of  the  former.  In  regard  to  the  sixth  requirement  it  may 
be  stated  that  automatic  feeder  regulators  of  the  three-phase  in- 
duction type  are  being  used  with  satisfactory  results  for  regulating 
the  2000  and  4000-volt  feeders  in  Salt  Lake  City.  These  regu- 
lators not  only  compensate  for  drop  in  feeders,  transformers  and 
secondaries,  but  also  for  speed  variations  caused  by  slight  accidents 
or  short-circuits  on  the  system. 

A  great  deal  might  be  written  on  the  subject  of  the  seventh  and 
eighth  requirements.  The  operating  engineer  at  the  main  receiv- 
ing center  should  have  the  control  of  the  voltage,  while  the  power- 
house operators  should  take  care  of  the  speed.  In  a  mixed  system 
of  lighting,  railway  and  power  service,  the  maximum  loads  at  dif- 
ferent points  of  the  system  occur  at  difPerent  times.  Consequently 
it  has  been  found  best  to  carry  approximately  constant  voltage  at 
the  receiving  stations,  to  compensate  at  the  power-house  for  drop 
in  transmission  lines  only,  and  to  compen.<5ate  for  variations  of 
drop  on  the  distributing  feeders  by  regulating  apparatus  at  the 
receiving  end.  No  special  difficulty  has  been  found  in  regulating 
for  a  mixed  load  of  lights  and  induction  motors.  A  variable  load 
driven  by  an  induction  motor  has  a  useful  tendency  toward  self- 
regulation  for  the  low-power  factor  at  light  loads  causes  nearly  the 
same  drop  of  volts  as  the  liigli-power  factor  at  full  load. 

A  line  of  great  capacity,  such  as  the  Telluride  Power  Company's 
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40,000-volt  lines,  requires  a  heavy  inductive  current  at  light  loads 
to  compensate  for  th.'  rise  of  volts  due  to  the  capacity.  On^a  single 
80-mile  line  from  this  company's  Logan  power-house,  delivering 
750  kilowatts  at  Salt  Lake  City,  at  a  power  factor  of  100  per  cent, 
the  power  factor  at  the  power-house  is  about  60  per  cent. 

On  a  mixed  system,  the  power  factor  can  be  kept  at  any  value 
between  90  and  100  per  cent  by  the  use  of  synchronous  motors 
driving  railway  generators;  but  for  the  regulation  of  voltage, 
synchronous  motors  are  not  of  much  value  unless  used  for  that 
purpose  alone,  because  when  loaded  with  work  current  they  have 
not  sufficient  current  capacity  for  regulating.  Unless  synchronous 
motors  are  under  the  control  of  the  power  companies'  operators, 
pumping  and  other  regulating  difficulties  will  be  caused  by  wrong 
adjustment  of  exciting  current. 

Sixty-cycle  rotaries  are  too  sensitive  to  be  used  as  regulators  and 
to  operate  them  in  parallel  without  pumping,  variations  of  speed 
and  voltage  must  be  very  small.  If  any  trouble  occurs  on  a  60- 
cycle  system  it  is  generally  aggravated  by  rotaries. 

When  operating  in  parallel,  cross-currents  between  power-houses 
introduce  conditions  which  may  seriously  affect  the  voltage  regu- 
lation. If  the  exciting  current  of  the  power-houses  is  not  properly 
adjusted,  some  will  tend  to  produce  higher  voltage  at  the  receiving 
end  than  others  and  idle  currents  will  flow  which  will  be  lagging 
with  respect  to  the  former  and  leading  with  respect  to  the  latter. 
The  amount  of  these  currents  is  dependent  upon  the  relative  dif- 
ference in  excitation,  the  load  and  the  line  constants.  These  idle 
currents  may  be  eliminated  in  two  ways;  first,  by  adjusting  the 
excitation  of  the  several  power-houses;  second,  by  voltage  regu- 
lators placed  in  circuit  between  the  transmission  lines  at  the  re- 
ceiving end,  which  can  be  adjusted  to  maintain  that  difference  of 
voltages  between  lines  which  is  required  to  prevent  the  flow  of 
cross-currents. 

Formerly  the  desired  results  could  only  be  obtained  by  trial  and 
experience.  Now,  however,  by  the  use  of  power-factor  meters  on 
every  generator  on  the  system,  the  adjustments  can  be  made  with 
accuracy  to  meet  any  conditions  of  line  or  load.  The  power-factor 
meter  has  become  an  indispensable  adjunct  in  the  operation  of  all 
synchronous  machinery  on  large  systems. 

The  fact  that  the  excitation  of  the  power-houses  depend  on 
variable  conditions  on  different  parts  of  the  system,  seems  to  point 
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to  the  impracticability  of  using  any  automatic  device  for  controlling 
exciting- currents  on  large  parallel  systems. 

6.  The  Arrangement  of  Transmission  Lines,  Transformer- 
houses,  Etc. 

While  break-downs  on  transmission  lines  cannot  be  altogether 
prevented,  it  is  possible  to  so  nearly  approach  continuity  of  service 
that  even  the  exacting  requirements  of  a  smelter  can  be  met.  This 
ean  only  be  done,  however,  by  the  exercise  of  the  greatest  care  in 
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Fio.  1.— Gexktiat,  arrangement  of  high  texsion  lines  and  switches 

FOR  A  NUMBER  OF  POWER  HOUSES  IN  S.\ME  LOCALITY  SUPPLYING  POWER  TO 
A   DISTANT    DISTRIBUTING   CENTER. 

the  arrangement,  construction  and  operation  of  the  switching  ap- 
paratus, transmission  lines  and  transformer-houses.  Nothing  but 
failure  will  result  if  the  transmission  lines  are  not  mechanically 
strong  and  well  insulated,  but  good  construction  and  duplication 
of  lines  and  power-houses  are  of  little  avail  unless  the  general 
layout  of  the  lines  and  switches  is  of  the  simplest  kind. 

The  trend  of  experiencp  in  line  construction  points  to  the  use 
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of  long  spans  of  stranded  copper  with  steel  towers,  porcelain  in- 
sulators and  rigid  iron  pins.  There  is  a  tendency  to  increase  rather 
than  to  diminish  the  cost  of  construction,  so  that  the  cost  of  copper 
and,  therefore,  the  choice  of  voltage,  is  by  no  means  the  greatest 
consideration  in  designing  transmission  lines.  In  locating  a  line 
it  should  be  remembered  that  accessibility  for  patrol  and  repairs  is 
more  important  than  saving  of  distance.  Transmission  lines  should 
be  constructed  so  that  nothing  but  outside  interference  will  break 
them  down.    Between  ever}'  important  power-house  and  distribut- 
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Fig.  2. —  Glonerax  arrangement  of  high  tension  lines  and  switcheb 
for  a  number  of  power  houses  and  receiving  stations  scattered  over  a 
large  district,  laid  out  on  duplicate  main  system. 

ing  center  there  should  be  at  least  two  lines,  and  sometimes  two 
routes  are  advisable.  On  very  long  transmissions  there  should  be 
section-switch  stations  (see  Fig.  1)  so  arranged  that  portions  of  the 
line  can  be  cut  out  for  repairs  without  putting  the  whole  line  out 
of  service.  Unless  this  is  done,  each  line  must  be  designed  to  carry 
the  maximum  load  transmitted  with  ;.  small  drop.  Yerj'  long  lines 
will  seldom  be  financially  justified  unless  a  very  considerable  busi- 
ness can  be  done  on  the  way.     On  the  other  hand,  isolated  sub- 
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Stations  on  an  important  line  are  a  serious  detriment  to  service, 
unless  the  business  done  will  justify  a  good  section-switch  station 
with  an  operator  constantly  in  attendance. 

The  best  arrangement  for  the  transmission  lines  of  a  system 
operating  many  plants  in  parallel  depends  on  the  location  of  the 
power  plants  with  respect  to  the  present  and  prospective  points  of 
distribution.  In  sj-^stems  consisting  of  several  power  plants  located 
near  one  another  and  transmitting  power  to  a  distant  point,  the 
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Fig.  3. —  General  ARRANGEirENX  of  high  tension  lines  and  swttche*' 

KOK  A  number  of  POWER  HOUSES  AND  RECEIVING   STATIONS,  LAID  OUT  ON  THK 
RING  MAIN   SYSTEM. 


arrangement  does  not  materially  differ  from  that  of  a  single  power- 
house. In  this  case  it  is  usually  best  to  treat  the  smaller  plants  as 
generating  units  of  the  most  important  power-house,  as  represented 
in  Fig.  1.  In  systems  where  the  power-houses  and  distributing 
points  are  scattered,  the  transmission  lines  will  take  either  the  form 
of  a  duplicate  bus  to  which  will  be  connected  all  the  power-houses 
and  receiving  stations,  as  shown  in  V\^.  '3,  or  else  will  be  laid  out 
in  the  form  of  a  ring  main  as  shown  in  i^'ig.  3. 
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Whether  for  station  bus-bars  or  transmission  lines,  the  ring  main 
divided  into  sections  as  shown  in  Figs.  3  and  5  has  been  found  to 
be  the  most  practical  arrangement  to  operate.  If  the  business  be- 
tween any  two  points  on  the  ring  becomes  so  important  as  to  war- 
rant a  duplication  of  lines  between  them,  the  system  can  generally 
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Fig.  4. —  General  arrangement  op  high  tension  lines  and  switches 

i'OR  A  number  of  power  PLANTS  AND  RECEIVING  STATIONS,  LAID  OUT  ON  THE 
RING  SYSTEM,  WITH  TWO  RINGS  PASSING  THROUGH  THE  MAIN  RECEIVTNG 
STATION. 


be  resolved  into  two  or  more  rings  all  passing  through  the  im- 
portant center  as  shown  in  Fig.  4. 

Fig.  5  shows  the  ring  system  as  applied  to  power-houses  and 
transformer  stations,  from  which  it  will  be  seen  that  it  is  prac- 
tically equivalent  to  a  group-switch  system.  With  this  layout  any 
group  of  transformers,  feeders  or  generators  with  its  corresponding 
transmission  line  can  be  separated  from  the  rest  of  the  system  in 
an  instant  by  opening  the  high  and  low-tension  ring  bus  switches. 
This  arrangement  in  a  transformer-house  is  ideal  when  each  group 
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of  transformers  has  capacity  to  carry  all  the  power  that  can  be 
delivered  over  the  corresponding  line. 

Short-circuits  on  transmission  systems  may  be  caused  by  failure 
of  transformers,  lightning  arresters  or  line  insulation,  or  by  out- 
side interference  by  nature,  man  or  beast.  Their  frequency  is 
a  measure  of  the  efficiency  of  construction  and  management.  They 
will  vary  in  severity  from  those  which  cause  just  a  flicker  in  the 
lights  to  those  that  may  shut  down  a  large  station.  Short-circuits 
on  the  low-tension  side  of  receiving  stations  will  never  seriously 
affect  the  system  as  a  whole.  Short-circuits  on  transmission  lines 
which  can  be  burnt  off,  will  seldom  throw  power-houses  out  of 
step  and  should  cause  very  little  interruption.  Even  very  severe 
short-circuits  will  not  throw  power-houses  oiit  of  step  unless  occur- 
ring on  the  line  between  them  or  very  close  to  one  of  them.  In  a 
well-laid-out  parallel  system  no  failure  on  transmisi-ion  lines  can 
cripple  the  whole  system,  and  rotaries  and  motor-generators  will 
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Pig.  5. —  General,  arrangements  of  ruGn-TENsioN  and  low-tekston 

BUS  BARS  AND   SWITCHES    FOR  GENERATING  AND     RECEIVING    STATIONS,    LAID 
OUT   ON   THE   KING   SYSTEM. 


Stay  in  step  through  many  shorts.  It  is  when  a  short  occurs 
which  cannot  be  burnt  off,  or  which  throws  power-houses  out  of  step, 
that  the  efficiency  of  layout  and  operating  staff  is  tested.  It  is 
not  the  short-circuit  which  hurts  the  service,  but  the  stopping  of 
ruachinery  and  time  taken  to  get  under  way  again. 

Under  normal  conditions  there  is  no  difficulty  in  cutting  genera- 
tors and  synchronous  motors  in  or  out  of  service,  or  in  synchroniz- 
ing power-houses  on  lines  at  any  point  in  the  system,  but  wlion 
everytliing  is  thrown  out  of  step  or  stopped  by  a  severe  short-circuit, 
synchronizing  is  altogether  too  slow.  All  synchronous  motors 
should  be  self -starting  from  the  alternate-current  end,  or  at  least 
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sJiould  be  designed  so  that  the  alternate  current  can  be  switched 
on  after  they  have  been  given  a  preliminary  spin.  Two-hundred 
liorse-power  synchronous  motors  have  been  regularly  started  with- 
out any  compensators  for  a  long  time  in  Salt  Lake  City.  Power- 
house generators  can  be  synchronized  very  rapidly,  but  time  can 
be  often  saved  by  running  them  to  speed  approximately  and  switch- 
ing on  to  the  live  circuit  before  closing  the  exciting  circuit. 
In  the  Los  Angeles  system,  it  is  a  rule  to  open  the  exciting  circuits 
on  all  generators  and  synchronous  motors,  except  at  the  largest 
station,  whenever  a  short-circuit  occurs.  As  soon  as  the  trouble 
i.s  cleared,  the  main  station  generators  bring  up  speed  and  volts, 
the  other  generators  and  motors  are  pulled  into  step  and  the  sta- 
tion operators  close  the  exciting  circuits.  This  is  a  very  good 
method  of  starting,  but  is  not  applicable  to  every  condition. 

It  is  in  clearing  short-circuits  on  transmission  lines,  that  the 
ring  system  as  illustrated  in  Figs.  1,  3,  4  and  5  is  so  superior  to 
the  duplicate  bus  system  shown  in  Fig.  2.  When  a  short-circuit 
occurs  which  does  not  clear  itself  at  once,  the  ring  bus  switches 
can  be  opened  up  so  as  to  resolve  the  system  into  two  or  more 
separate  parts  complete  with  their  own  power-houses,  lines  and 
loads.  This  immediately  locates  the  trouble,  the  short-circuited 
bne  can  be  quickly  cut  out,  and  the  load  on  the  short-circuited 
section  transferred  to  the  adjacent  portion  of  the  ring  without  any 
delay  for  communicating  between  stations.  Automatic  circuit 
breakers  can  be  used  for  these  ring  bus  switches  with  great  advan- 
tage, but  except  on  unimportant  branch  circuits,  they  can  be  used 
nowhere  else  on  a  transmission  system  of  this  kind.  Eeverse-cur- 
rent  circuit  breakers  for  cutting  out  a  short-circuited  line  will 
not  work,  for  under  normal  conditions  on  a  parallel  system 
power  may  be  coming  from  either  direction  at  any  tijne. 

High-tension  air  switches  have  played  an  important  part  in 
the  building  up  of  transmission  systems.  They  can  be  made 
simple,  strong  and  safe  for  outdoor  operation  even  at  40,000  volts, 
but  at  best  they  are  makeshifts  and  must  be  replaced  by  oil  switches 
which  have  proved  reliable  in  service  on  the  highest  voltage  now 
in  use. 

So  far  as  the  operation  of  large  parallel  systems  is  concerned, 
it  appears  that  the  question  of  transformer  windings,  star  or 
delta  connections  and  grounded  neutrals  are  likely  to  be  settled 
by  circumstance  rather  than  by  design.    A  delta-connected  system 
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can  operate  without  a  grounded  neutral,  a  star-connected  system 
cannot.  Large  parallel  systems  are  almost  certain  to  have  both 
star  and  delta-connected  transformers  working  together;  and  ques- 
tions of  cutting  out  one  transformer  in  a  bank,  or  of  abnormal 
voltage  caused  by  break-downs,  become  unimportant  on  account  of 
the  large  number  of  banks  in  use.  The  fact  that  with  a  grounded 
neutral,  the  break-down  of  a  single  insulator  makes  a  short-circuit, 
is  not  important  if  the  lines  are  properly  laid  out,  and  when  break- 
downs occur  the  quicker  something  burns  off  and  the  line  is  cut  out 
the  better. 

In  the  layout  of  transformer  stations,  space  and  simplicity  of 
wiring  is  a  greater  protection  than  all  the  fireproofing  yet  devised. 
Lightning  arresters,  transformers  and  switches  should  as  far  as 
jiossible  be  in  separate  fireproof  rooms.  High-tension  wires  should 
be  covered  with  high-volt  insulation  and  supported  on  insulators. 

7.  Lightning  and  Other  High-Tension  Distijrbances. 

In  the  first  few  years  of  long  distance  transmission  high-tension 
disturbances  due  to  switching,  short-circuits,  etc.,  were  little  under- 
stood and  not  of  much  importance.  As  systems  increased  in  size 
and  were  paralleled  together,  however,  these  disturbances  increased 
in  frequency  and  severity  and  it  was  found  that  the  earlier  trans- 
formers were  not  sufiiciently  well  insulated  to  withstand  the  shocks. 
Short-circuits  on  large  systems  operating  in  parallel  are  liable 
to  be  more  severe  than  on  single  systems,  because  power  is  supplied 
from  both  ends  of  the  line. 

Fortunately  however,  the  disturbances  due  to  switching  and 
short-circuits,  etc.,  are  now  pretty  well  understood  and  have  definite 
limits,  and  no  trouble  need  be  feared  from  them  if  the  transform- 
ers are  properly  wound  and  insulated  and  lightning  arresters  and 
oil  switches  are  carefully  installed. 

Disturbances  due  to  gradual  change  in  atmospheric  conditions 
and  differences  in  elevation  of  lines,  etc.,  are  well  cared  for  by 
modern  liglitning  arresters  without  disturbing  the  system.  The 
limits  of  the  high-voltage  surges  resulting  from  the  sudden  re- 
lease of  static  charges  on  the  lines  are  determined  by  the  insula- 
tion of  the  weakest  part  of  the  line  affected,  which  should  of 
course  be  the  lightning  arrester.  Except  for  the  fact  that  a  large 
parallel  system  is  exposed  to  more  changes  in  atmospheric  condi- 
tions than  systems  with  short  lines,  there  is  no  evidence  to  show 
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tliat  the  disturbances  increase  in  energy  beyond   what  should   be 
expected  from  the  increased  capacity  of  the  lines. 

The  disturbances  due  to  short-circuits,  switching  and  static 
charges  are,  however,  trifling,  compared  with  those  that  may  be 
set  up  by  lightning  discharge^;.  It  must  be  confessed  tliat  no 
real  progress  has  been  made  in  apparatus  to  protect  against  these 
disturbances,  and  today  the  choking  effect  of  the  transformers 
and  the  high  insulation  of  the  windings,  both  of  the  oil  and  air- 
biast  type,  is  their  own  best  protection.  This  has  been  demon- 
strated over  and  over  again  by  discharges  from  terminal  wires  of 
transformers  to  case,  across  sparking  spaces  many  times  greater 
11'"!!  the  total  gaps  on  the  lightning  arresters,  and  in  spite  of  the 
pj-oiection  of  choke  coils  of  the  most  recent  design. 

The  disturbances  set  up  by  lightning  discharges  range  in  severity 
from  those  that  can  be  easily  taken  care  of  with  existing  apparatus 
to  those  that  may  wreck  a  station.  The  latter  seldom  occurs,  but 
when  they  do,  the  result  is  like  an  explosion  and  no  plant  in  a 
thunderstorm  district  can  claim  to  be  protected.  A  lightning 
discharge  which  strikes  the  line  shatters  insulators  and  poles 
and  is  intensely  local  in  its  action,  for  the  simple  reason  that 
the  voltage  is  so  high  that  line  insulation  must  break  down  close 
to  the  point  of  discharge. 

The  sudden  raising  of  the  voltage  of  the  line,  to  the  break- 
down point,  will,  however,  send  static  waves  along  the  line.  The 
voltage  of  these  waves  and  the  distance  at  which  they  may  be 
cifective  depends  chiefly  upon  the  strength  of  line  insulation. 
With  wooden  pole  lines,  the  insulation  to  ground  may  be  very  high 
ill  dry  weather  and  under  these  circumstances  the  static  wave  may 
be  of  very  high  voltage.  Some  waves  have  passed  from  line  to 
ground  across  a  12-in.  dry  air-gap  on  a  40.000-volt  line.  This 
has  occurred  on  several  occasions  without  damage  to  transformers. 

It  follows,  from  what  has  been  written  above,  that  the  extend- 
ing of  a  system  to  cover  a  very  large  area,  while  exposing  it  to 
the  action  of  more  storms,  and  consequently  increasing  the  number 
of  the  disturbances,  does  not  by  any  means  increase  the  severity 
of  the  secondary  disturbances  which  are  limited  by  the  insulation 
of  the  line. 

Transformers  should  be  insulated  between  layers  of  high-voltage 
windings  to  withstand  shocks  that  will  break  down  the  line  in- 
sulation.    Money  spent  on  extra  insulation  inside  the  transform- 
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ers  will  probably  bring  better  returns  than  the  same  expenditure 
on  outside  protective  devices. 

It  seems  probable  that  steel  towers  will  be  ideal  for  protecting 
stations  and  apparatus  from  the  more  severe  effects  of  lightning 
disturbances. 

There  are  many  other  points  bearing  on  the  subject  of  this  paper 
to  which  a  reference  only  can  be  made  here. 

While  it  is  generally  cheaper  to  store  water-power  than  elec- 
tricity, some  transmission  plants  cannot  give  satisfactory  service 
without  storage  batteries,  and  on  nearly  all  it  pays  to  use  them  to 
a  greater  or  less  extent  both  on  account  of  regulation  and  emer- 
gencies. 

It  will  be  asked  whether  it  pays  to  operate  so  many  plants  in 
parallel  instead  of  generating  power  in  one  or  two  large  plants. 
This  depends  entirely  on  local  considerations,  and  the  answer  is 
sometimes  yes,  sometimes  no.  When  there  are  convenient  water- 
powers  it  will  nearly  always  be  found  that  a  combination  of  water- 
power  and  steam  gives  the  most  economical  results.  The  opinion, 
however,  cannot  be  too  strongly  expressed,  that  a  depreciation 
charge  of  10  per  cent  per  annum,  at  least,  should  be  made  on  the 
whole  cost  of  construction  of  both  steam  and  vrater-power  plants. 
The  neglect  to  do  this  may  be  hidden  by  reorganizations  or  ab- 
normal growth  of  business,  but  it  means  financial  failure  sooner 
or  later.  It  is  extraordinary  how  often  people,  who  ought  to 
know  better,  will  shut  their  eyes  to  this  fundamental  law  of 
engineering  finance. 

As  regards  the  bearing  of  parallel  operation  on  future  develop- 
ments, it  may  be  pointed  out  that  it  would  be  possible  to-day  to 
operate  a  string  of  steam  and  water-power  plants  in  parallel  from 
the  Atlantic  to  the  Pacific  Coast  and  to  supply  power  to  trunk 
railroads  with  so  few  interruptions  that  train  service  could  be 
as  punctual  as  it  is  today  on  steam  roads. 

The  author's  acknowledgments  are  due  to  many  engineers  who 
by  advice,  suggestions  and  investigation  have  helped  in  the 
solution  of  many  dijfficult  problems  but  most  of  all  are  they  due 
to  the  members  of  an  operating  stafl'  upon  whom  has  fallen  the 
burden  of  all  the  troubles  and  difficulties  experienced  in  the  course 
of  nine  years'  work  in  transmission  in  the  State  of  Utah. 
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Discussion. 

Chairman  Scott:  The  papers  of  Mr.  Hancock  and  of  Mr.  Haywood 
are  open  for  discussion.  They  reveal  another  side  of  station  operation 
which  men  in  the  laboratory  or  in  the  engineer's  office  would  hardly  dis- 
covier.  They  show  the  workings  of  the  operating  system,  Mr.  Hancock's 
paper  in  particular  dealing  so  much  in  detail  with  the  operating  force 
of  a  large  system,  throws  an  excellent  light  on  that  side  of  the  problem. 
Mr.  Hay^vard  has  done  just  what  he  was  invited  to  do  and  has  given 
some  of  his  experiences  from  his  own  work  on  the  system  with  which  he 
is  connected. 

Mr.  P.  N.  Nunn:  While  the  problem  of  lighning  arresters  for  high 
voltages  has  not  been  fully  solved,  it  seems  hardly  fair  to  say  that 
nothing  has  been  accomplished.  While  arrester  service  in  Utah  has  been 
far  from  satisfactory,  no  high-voltage  transformers  have  ever  been  lost, 
and  but  trifling  repairs  occasioned  through  lightning.  If  it  is  possible, 
as  suggested,  to  get  higher  insulation  for  a  slightly  increased  first  cost, 
without  sacrifice  in  the  characteristics  of  the  transformer,  it  is  undoubt- 
edly wise  to  do  so.  Quite  aside  from  lightning,  however,  eflfective  and 
reliable  arresters  are  needed  to  protect  from  those  other  disturbances 
incident  to  long  distance  transmission,  which  interfere  with  the  use  or 
perfect  operation  of  automatics  and  similar  devices.  Mr.  Hajnvard'g 
paper  advises  "  The  control  of  the  whole  system  by  one  engineer  operating 
from  the  main  receiving  and  distributing  center,"  and  says  "  The  operat- 
ing engineer  at  the  main  receiving  center  should  have  the  control  of 
voltage,  while  the  power-house  operator  should  take  care  of  the  speed."' 
This  strongly  suggests  that  in  the  case  of  a  power  company  with  many 
customers,  its  plant  should  be  operated  for  or  by  some  one  customer.  In 
the  present  instance,  the  producing  system  is  operated  for  constant 
voltage,  and  the  customer  has  been  advised  and  is  now  preparing  to 
receive  his  power  through  induction  regulators,  which  will  put  within  his 
reach  the  control  desired  both  as  to  voltage  and  power  factor. 

Mr.  C.  S.  Ruffner:  Mr.  Nunn  has  asked  for  a  statement  of  the  results 
of  this  experiment.  The  experiment  has  not  been  carried  far  enough 
along  yet  to  give  any  very  complete  results.  A  small  regulator  was 
put  on  one  of  the  circuits  connecting  the  two  systems,  being  adjusted 
for  only  the  part  of  the  load  that  the  regulator  could  take  care  of,  and 
it  showed  such  improvements  in  the  power-factor  that  we  feel  there  will 
be  no  doubt  about  the  feasibility  of  controlling  the  entire  load  with  a 
regulator  of  this  kind.  The  difficulty  has  been  that  the  ratio  of  the 
transformer  connections  between  the  two  systems  has  been  such  that  it 
made  the  receiving  system  take  a  leading  current,  which  was,  of  course, 
added  to  the  charging  current  of  the  lines,  and  gave  at  the  generating 
station  an  extremely  heavy  current  overload.  By  means  of  this  regulator, 
bringing  the  voltage  of  the  two  systems  into,  the  proper  adjustment,  it 
will  be  possible  to  let  the  charging  current  from  the  one  system  supply 
the  lagging  component  of  the  load  on  the  other,  giving  more  nearly  a 
luiity  power  factor  at  all  generating  stations,  and  consequently  giving  a 
little  better  voltage  regulation  on  tliat  account.  The  experiment  will  h4 
very  interesting,  although  we  have  no  doubt  about  what  is  going  to  happen 
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after  the  regulator  is  installed.  The  reoriilator  that  is  to  he  ordered  is 
of  the  three-phase  induction  type,  adjusted  hy  hand.  At  present  we 
have  made  no  arrangement  for  any  automatic  adjustment,  on  account 
of  the  difficulty  of  being  able  to  tell  by  the  regulator  which  way  it  is 
to  be  moved;  that  is,  the  regulator  is  not  able  to  determine  which  system 
is  delivering  too  high  a  voltage  when  the  voltage  at  the  regulator  is  too 
high.  Any  automatic  adjustment  would,  of  course,  have  to  be  made  by 
a  device  controlled  by  a  power-factor  indicator,  and  it  is  probable  that 
the  regulator  will  have  to  be  adjusted  so  that  the  load  may  be  taken  at 
different  power-factors  at  different  times  of  the  day,  varying  with  the 
jjower-factor  of  the  diflferent  classes  of  load  at  the  different  hours.  It  is 
the  ordinary  commercial  regulator;  the  small  one  that  was  put  in  was 
what  is  known  as  the  I.  R.  T.  regulator,  and  worked  very  nicely  with  a 
small  load.  The  only  effect  of  this  regulator  is  to  give  a  controllable 
variation  in  the  ratio  of  transformation,  and  the  regulator  seems  to  offer 
the  most  convenient  way  of  varying  this  ratio,  rather  than  having  any 
variable  taps  on  the  transformer.  Of  course,  that  could  be  accomplished 
by  the  variation  in  the  transformer  taps. 

Chairman  Scott:  One  word  in  regard  to  the  operation  of  the  two 
fiystems  which  may  clear  up  a  point  concerning  which  a  member  has  made 
n  query.  The  two  systems  may,  in  a  wa}^  be  regarded  as  having  the 
same  function  as  two  alternators  running  in  parallel.  Those  two  alter- 
nators are  to  deliver  power  to  the  system.  The  power  that  they  deliver 
will  depend  upon  the  power  that  they  get.  which  in  this  case  will  depend 
upon  the  position  of  the  governors  of  the  waterwheels.  The  amount  of 
power  given  by  the  water  to  the  wheels  goes  through  the  apparatus  and 
into  the  electric  system.  Conversely  a  change  in  the  power  which  is 
delivered  by  one  alternator,  or  by  the  other,  or  by  one  system  of  power 
houses,  or  the  other  system  of  power  houses,  will  depend  on  the  amount 
of  power  developed  by  the  waterwheels,  so  that  the  governing  of  power 
must  be  done  in  the  hydraulic  part  of  the  system.  It  cannot  be  done 
through  speed  governing  of  different  parts  because  all  the  parts  must  run 
at  the  same  speed.  Again,  when  two  alternators  are  running  in  parallel, 
they  may  deliver  a  leading  or  a  lagging  current.  Tliey  may  deliver  the 
rut-of-phase-current  equally,  or  one  may  deliver  more  than  the  other.  If 
there  are  lines  to  be  charged,  one  generator  may  do  all  the  charging  or 
the  two  may  work  together.  If  there  be  induction  motors  to  be  supplied 
with  lagging  current,  one  maj-  supply  all  the  current  or  the  otlior  may 
supply  all  the  current  or  the  two  may  work  together.  That  adjustment 
depends  not  on  waterwheels  but  on  field  charges  and  the  voltages  produced. 
And  to  make  one  generator  or  the  other  carry  more  or  less  of  the  out-of- 
phase-eurrent,  it  is  necessary  to  change  the  voltage  through  adjustment 
of  the  field  charge.  Now  these  two  sj'stems  are  operating  conjointly  in 
one  sense  and  indcpendentlj'  in  another.  ]f  one  is  to  be  operated  at  ;v 
little  higher  voltage  than  the  other  when  the  two  are  linked  together, 
the  only  way  to  link  them  satisfactorily  is  by  transformation;  that  is, 
through  a  transformer,  by  letting  one  run  at  one  hundred  per  cent  and  the 
other  at  say  a-hundred-and-ten  per  cent  and  making  the  adjustment 
through    the    regulator;    and    as    that    adjustment    changes    from    time    to 
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time  tlirougli  tlic  day,  it  ia  a  matter  which  must  be  under  control.  If 
independent  regulation  of  voltaj:;e  on  the  two  systems  is  attempted  bj'  other 
means,  the  out-of-phasc-cuirent  between  the  two  systems  is  apt  to  be 
troublesome. 

Mr.  NuNN:  It  may  make  this  matter  clearer  to  explain  that  the  line 
in  question  is  nearly  200  miles  long,  having  a  large  charging  current, 
supplied  equally,  we  may  say,  by  generating  stations  at  either  end,  so 
tliat,  at  the  center  point  —  Salt  Lake  City  —  only  work  current  necessarily 
Hows.  Although  the  Salt  Lake  system  has  a  large  lagging  component 
within  itself,  it  may  take  its  purchased  power  at  unity  power  factor,  but 
if  its  voltage  dropp  below  that  of  the  transmission,  this  entire  charging 
current  may  be  dra\vn  from  the  terminal  stations  to  the  Salt  Lake  sys- 
tem, to  combine  with  the  lagging  component  at  that  point,  thus  raising 
the  power  factor  at  all  power  houses,  but  reducing  the  power  factor  of 
tlie  purchased  power.  The  same  thing  may  go  further,  and  in  either 
direction,  and  under  normal  operation  the  conditions  are  very  unstable. 
This  may  be  entirely  controlled  through  proper  attendance  at  the  regu- 
lators. 

Mr.  R.  S.  HtTTON:  I  do  not  quite  understand  this.  If  the  delivered 
load  on  one  system  has  a  heavy  lagging  component  and  the  other  has  a 
lieavy  leading  component,  putting  the  two  together,  it  seems  to  me  instead 
of  lowering  the  power  factor  on  both  of  them  —  in  other  words,  giving 
them  both  heavier  current  —  it  would  result  in  counteracting  one  an- 
other, and  they  would  both  have  less  current  than  before. 

Mr.  NuNN :  It  is  true  that  under  a  certain  fixed  condition  there  might 
be  unity  power  factor  at  all  generating  stations.  In  this  particular  in- 
stance, however,  the  power  company  has  other  lagging  current  to  provide 
for  which  takes  up  all  the  charging  current,  and  therefore  has  contracted 
with  this  customer  to  maintain  a  unity  power-factor. 

Mr.  HuTTON :  I  might  mention  one  other  point.  I  understand  the  idea 
they  have  in  getting  the  two  voltages  of  the  receiving  stations  the  same, 
is  that  they  can  put  them  together  without  having  one  system  disturbing 
the  voltage  of  the  other.  We  are  practically  doing  the  same  thing,  only 
instead  of  using  the  induction  regulator,  we  prefer  to  use  the  regulator 
heads  on  the  transformers,  for  the  reason  that  the  induction  regulator  is 
a  very  expensive  machine,  something  like  $13.00  per  kilowatt  for  a  200- 
kilowatt  size. 

Chairman  Scott:  We  have  to  regret  that  several  papers  on  the  pro- 
gramme of  Section  D  have  not  appeared  and  are  not  now  expected.  The 
paper  by  Mr.  Mershon,  the  Delegate  of  the  American  Institute  of  Electrical 
Engineers  to  the  Congress,  is  not  here  and  we  will  consider  that  paper 
read  by  title  and  it  will  appear  in  the  Transactions.  If  there  is  nothing 
more  to  be  said  before  the  adjournment  of  this  Section  I  declare  this  Sec- 
tion adjourned. 

Dr.  F.  A.  C.  Perrtne:  Before  we  adjourn  I  wish  to  offer  on  behalf  of 
Section  D  a  vote  of  thanks  to  our  officers  for  carrying  on  their  work  under 
what  has  been  apparent  to  us  all,  very  decided  ditiiculCies,  and  I  think 
the  success  of  the  session  has  been  entirely  due  to  the  energy  and  ability 
of  our  officers.  Consequently  I  wish  to  propose  a  vote  of  thanks  to  the 
officers.      (Unanimously  carried.) 


THE  MAXIMUM  DISTANCE  TO  WHICH  POWER 
CAN  BE  ECONOMICALLY  TRANSMITTED. 


BY  RALPH  D.  MEEJSHON,  Delegate  of  American  Institute  of  Electrical 

Engineei'S. 


As  transmission  voltages,  actual  or  proposed,  become  higher  and 
higher  and  transmission  distances  reach  out  farther  and  farther, 
it  is  interesting  and  profitable  to  inquire  into  the  probable  maxi- 
mum distance  to  which  power  will  be  commercially  transmitted. 
As  with  most  engineering  enterprises,  the  limitations  will  come 
through  economic  conditions,  and  the  greatest  distance  to  which 
power  will  ever  be  transmitted  will  be  the  greatest  distance  through 
which  it  can  be  economically  (using  the  word  in  its  broad  sense) 
transmitted. 

In  endeavoring  to  make  such  forecasts  as  will  be  here  attempted, 
it  should  be  borne  in  mind  that  every  limitation  which  we  put 
upon  ourselves  by  the  assumptions  necessary  in  order  to  obtain 
definite  repre-sentative  figures,  adds  to  the  chance  of  our  forecast 
proving  erroneous.  For  instance,  the  first  assumption  we  must 
make  is  that  in  the  future  power  will  be  transmitted  in  the  same 
way  as  now.  This  may  not  hold.  There  may  be  devised  some 
other  and  better  way  not  involving  the  use  of  transmission  lines. 
Such,  however,  does  not  appear  probable.  Other  assumptions 
which  must  be  made  as  to  methods  of  construction  being  the  same 
as,  or  similar  to,  those  at  present  in  use,  may  be  eventually  so 
modified  by  skill  and  experience  as  very  materially  to  change  any 
conclusions  which  may  be  arrived  at  now.  This  is  less  improb- 
able. Conditions,  industrial  and  financial,  may  so  change  that 
the  constants  now  assumed  as  fixing  costs,  interest,  etc.,  will  be 
materially  modified.  This  is  very  probable.  Finally,  it  is  certain 
that  Avith  the  course  of  time  the  value  of  power  will  increase,  and 
this  will  materially  modify  any  figures  at  which  we  may  now  ar- 
rive. The  present  conditions  of  practice  and  possibility  are  suffi- 
ciently definite,  however,  to  warrant  a  forecast  with  the  expectation 
that  it  will  be  applicable,  approximately  at  least,  for  some  con- 
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Biderable  time  to  come.  At  any  rate,  the  method  of  treatment 
of  the  subject  herein  adopted  will,  with  suitable  changes  in  the 
value  of  constants,  apply  so  long  as  present  methods  of  power 
transmission  obtain.  , 

The  elements  which,  in  the  broadest  sense,  limit  the  distance 
to  which  power  can  be  economically  transmitted,  are  two — the  cost 
of  power  at  the  generating  station  and  the  price  which  can  be 
obtained  for  the  delivered  power.  The  difference  between  these 
two  elements  must  cover  the  cost  of  transmission,  the  interest  on 
tlie  investment  and  the  profit.  The  cost  of  transmission  comprises 
the  loss  of  power  in  transmission,  the  cost  of  operating,  the  cost 
of  maintenance  and  repair.  The  value  of  the  sum  total  of  the 
interest  which  must  be  paid  upon  the  investment,  and  tlie  mini- 
mum profit  which  is  considered  satisfactory,  will  have  much  weight 
in  determining  the  limiting  distance  of  transmission.  The  less 
this  sum  is  the  farther  power  can  be  transmitted;  a  low  interest 
rate  and  a  low  rate  of  dividend  will,  therefore,  be  conducive  to 
long  transmissions. 

Let  us  consider  in  a  general  way  the  manner  in  which  the  in- 
vestment in  a  transmission  plant  and  the  annual  charges  and  ex- 
penses in  connection  with  the  plant  varv  with  different  outputs, 
voltages  and  distances  of  transmission.  For  a  given  voltage,  drop 
and  distance  of  transmission,  the  cost  of  all  the  apparatus  and 
equipment,  except  the  line  conductors,  will  increase  more  slowly 
than  the  output  of  the  plant.  That  is,  the  greater  the  output  of 
the  plant  the  less  the  cost  per  kilowatt  of  all  the  equipment,  ex- 
cept the  line  conductors.  This  will  be  true  of  the  operating 
expenses  also.  Therefore,  since  the  interest  charges  and  the 
charges  for  depreciation  and  repair  are  dependent  upon  the  invest- 
ment, the  greater  the  output  of  the  plant  the  less  will  be  the  quanti- 
ties going  to  make  up  the  annual  cost  per  kilowatt  of  transmitting 
power,  except  those  depending  upon  the  line  conductors.  Since 
the  weight  of  the  line  conductors,  under  the  conditions  assumed, 
will  vary  directly  as  the  amount  of  power  transmitted,  those  ele- 
ments of  the  annual  cost  per  kilowatt  depending  upon  the  line 
conductors  will  be  practically  constant  for  all  amounts  of  power 
transmitted,  and  can  not  be  materially  reduced  by  increasing  the 
amount  of  power  transmitted.  With  the  same  voltage,  economic 
drop  and  output,  the  elements  of  annual  cost  per  kilowatt  due 
to  the  line  structure  (pole  line)  and  to  its  extent  (patrolling, 
etc.)  will  increase  directly  as  the  distance.  But,  as  outlined  above, 
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any  increase  of  cost  in  line  structure  due  to  increase  in  distance 
can  be  offset  by  increase  of  output.  On  the  other  hand,  the  weight 
of  the  line  conductors  increases  as  the  distance  (for  the  same 
economic  drop — as  the  square  for  the  same  drop)  and  the  elements  of 
annual  cost  per  kilowatt  due  to  the  weight  of  the  line  conductors 
will,  therefore,  increase  as  the  distance,  no  matter  what  the  output. 

It  appears,  therefore,  that  all  the  elements  in  the  annual  cost 
per  kilowatt  for  transmitting  power,  except  those  dependent  upon 
the  line  conductors,  ma}'  be  indefinitely  reduced  by  increasing  the 
amount  of  power  to  be  transmitted.  The  annual  cost  per  kilowatt 
due  to  the  line  conductors  can  not  be  so  reduced.  It  can  be 
diminished  only  by  such  other  means  as  will  reduce  the  first  cost 
of  the  conductors.  As  the  first  cost  of  the  line  conductors  can 
be  reduced  only  by  increasing  the  voltage  of  transmission  and  as 
there  is  a  limit  to  which  such  increase  can  be  carried,  it  follows 
that  the  lintiting  distance  to  which  power  can  he  economically 
transmitted  will  depend,  finally,  upon  the  cost  of  the  line  con- 
ductors and  upon  this  alone.  The  limit  of  voltage  referred  to  is 
not  necessarily  that  due  to  physical  considerations,  such  as  diffi- 
culties of  construction,  air  losses  between  conductors,  etc. ;  for, 
leaving  such  matters  out  of  consideration,  it  is  easy  to  imagine 
the  voltage  carried  to  such  a  high  value  as  will  reduce  the  line 
conductors  to  the  point  when  the  increased  cost  of  transformers 
and  insulators,  due  to  a  further  increase  of  voltage,  will  over- 
balance the  saving  in  the  line  conductoi-s,  due  to  such  furtlier 
increase. 

It  will  somewhat  simplify  the  treatment  of  the  subject  if  the 
interest  charge  be  included  as  a  part  of  the  cost  of  transmission, 
and  profits  be  represented  by  a  percentage  on  the  investment. 
This  course  will,  therefore,  be  pursued.  That  is,  it  will  be  assumed 
that  in  the  cost  of  transmission  is  included  the  interest  on  the 
investment  (bond  interest),  and  that  over  and  above  this  cost  there 
must  be  earned  a  certain  percentage,  wliich  percentage  will  repre- 
sent profits  (stock  dividends).  In  addition  the  following  assump- 
tions will  be  made. 

Power  purchased  at  low-tension  bus-bars  of  step-up  transformers 
and  sold  at  outgoing  bus-bars  of  the  step-down  station. 

Frequency  of  transmission  not  less  than  2.5  cycles  nor  more  than 
30  cycles  as  being  the  limiting  frequencies  which,  while  favorable 
to  the  transmission  of  power,  are  yet  suitable  for  almost  all  pur- 
poses to  which  power  can  ijc  :ii)plied. 
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Idle  synchronous  motors  at  step-down  station  to  correct  for  power 
factor,  the  average  power  factor  of  the  line  being  held  as  near 
nnitv  as  possible.  In  the  plants  of  large  output  dealt  with  below, 
the  possible  approximation  to  unity  power  factor  will,  in  spite  of 
the  iine-charging  current,  be  sufficiently  close  to,  for  praetical  pur- 
pos<^s.  justify  the  assumption  of  unity  power  factor. 

That  no  matter  what  the  capacity  of  the  plant,  there  will  be 
three  transmisson  lines,  each  capable  of  carrying  one-third  the  load. 

That  the  power  factor  of  the  load  supplied  will  be  0.8. 

That  no  matter  what  the  size  of  the  plant,  the  number  of  trans- 
forming units  at  each  end  of  the  line  be  18,  each  transformer  being 
normally  worked  at  five-sixths  of  its  rated  capacity,  so  that  one 
bank  of  three  may  be  cut  out,  if  need  be. 

That  no  matter  what  the  size  of  the  plant,  the  numl)er  of  cor- 
rective synchronous  motors  will  be  six,  each  being  worked  at  five- 
sixths  of  its  rated  capacity.  The  kilovolt-ampere  capacity  of  these 
synchronous  motors  must,  for  a  load  power  factor  of  0.8,  be  equal 
to  three-fourths  of  the  kilowatt  capacity  of  the  load  carried  by  the 
plant. 

It  is  evident  that  the  number  of  units  must  be  considered  as  the 
same  for  plants  of  all  capacities  in  order  to  take  full  advantage  of 
the  decrease  of  cost  per  kilowatt,  due  to  increase  of  capacity. 

The  pole  lines  will  be  assumed  as  constructed  with  12  steel 
towers  to  the  mile. 

Ideal  conditions  will  be  assumed  throughout  consistent  with  de- 
livering reliable  and  cheap  power.  Since  the  object  is  to  determine 
the  maa-inmin  distance,  the  factors  fixing  commercial  costs  of  ap- 
paratus will  be  taken  at  the  lowest  values  likely  to  obtain. 

Later  on  in  this  paper  general  equations  are  derived  expressing 
the  relations  between  the  distance  of  transmission  and  the  quanti- 
ties which  govern  it.  By  making  assumptions,  in  addition  to  those 
mentioned  above,  as  to  the  values  of  the  various  co-efficients  in  the 
general  equations  and  as  to  the  purchase  and  selling  price  of 
power,  the  curves  of  Figs.  1,  2.  3,  4  and  5  have  been  ob- 
tained, which  are  given  and  discussed  here  instead  of  at  the  end 
of  the  paper.  Fig.  1  shows  the  relation  between  the  distance  of 
transmission  D  and  the  economical  voltage  E  for  different  outputs 
W ;  that  is,  it  shows  the  voltage  which  it  is  most  economical  to  use 
for  any  given  output  and  distance  of  transmission.  Fig.  2  shows, 
in  a  corresponding  manner,  the  economical  drop.  Fig.  3  shows 
rhe  diameter  of  the  conductors  corresponding  to  the  conditions  of 
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Figs.  1  and  2.  Fig.  4  shows  the  relation  between  D,  the  distance 
of  transmission,  and  p,  the  percentage  net  profit  on  the  investment 
for  different  values  of  output  IF  and  for  the  selling  price  of  $34  per 
kilowatt  per  annum.  Fig.  5,  a  curve  obtained  from  Fig.  4,  shows 
the  relation  between  the  distance  of  transmission  and  the  output 
for  a  net  profit  of  12  per  cent. 

In  obtaining  these  curves,  the  constants  have  all  been  given  values 
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favorable  to  long  transmission  distances.  The  costs  have  been 
taken  lower  than  those  ordinarily  current  in  the  endeavor  somewhat 
to  anticipate  possible  future  prices.  Also,  the  cost  of  power  pur- 
chased at  the  step-up  station  has  been  fixed  at  the  ver}'  low  figure  of 
$10.90  per  kilowatt  per  annum.  These  facts  should  be  carefully 
borne  in  mind  in  considering  the  curves,  which  will  all  be  more  or 
less  modified  by  changes  in  the  quantities  mentioned. 

It  is  difficult  to  fix  upon  a  figure  for  the  selling  price  of  tlie 
delivered  power  which  shall  be  representotive.  Power  prices  are 
80  dependent  upon  conditions,  especially  those  arising  from  the 
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location  and  magnitude  of  ilic  market  and  of  the  supply,  that  any 
figure  chosen  will  be  objected  to  by  some  as  too  high  and  by  others 
as  too  low.  The  same  condition  applies  to  the  price  assumed  as 
that  paid  for  power  at  the  step-up  station,  but  in  a  lesser  degree. 
The  figure  herein  assumed  as  the  price  of  the  power  sold,  $34  per 
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kilowatt  per  annum,  is  that  which  seems  to  the  writer  will  be  fairly 
representative,  especially  in  the  case  of  the  large  blocks  of  power. 
The  writer  does  not,  however,  wish  to  be  understood  as  committed 
to  an  opinion  by  the  power  prices  herein,  either  in  the  case  of  pur- 
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chase  or  sale.  The  values  taken  have  been  chosen  as  being  as 
nearly  representative  as  possible  of  the  best  conditions  which  might 
obtain,  favorable  to  long-distance  transmission.  If  th&se  figures 
should  be  criticized  in  about  equal  propoi'tion  from  the  standpoints 
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of  being  too  low  and  too  high,  respectively,  the  object  in  choosing 
them  will  have  been  accomplished,  since  such  criticism  will  be 
evidence  of  their  fairness  as  a  reasonable  compromise. 
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The  maximum  amount  of  power  dealt  with  herein,  500,000  kilo- 
watts, is  probably  too  high  to  be  seriously  considered  at  tliis  time, 
but  from  200,000  to  300,000  kilowatts  is  believed  to  be  within  the 
range  of  immediate  future  possibility.     In  a  plant  of  this  size  it 
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is  probable  that  a  net  return  of  12  per  cent  would  be  required,  not 
alone  for  the  purpose  of  dividends,  but  also  as  a  protection  to  the 
bonds.  Under  these  conditions  Fig.  5  shows  the  distance  of  trans- 
mission to  vary  from  512  miles  for  200,000  kilowatts  to  623  miles 
for  300,000  kilowatts. 
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It  appears  from  the  preceding  matter  that,  tinder  the  conditions 
assumed,  the  limiting  distance  of  transmission  will,  for  some  time 
at  least,  be  in  the  neighborhood  of  550  miles. 

It  also  appears  that  voltage  limits  will  be  fixed  by  economic  con- 
ditions and  not  by  conditions  depending  npon  atmospheric  losses. 
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The  analysis  on  which  depends  the  general  equations  from  which 
the  preceding  curves  were  obtained  will  now  be  taken  up. 

Let    £'^  voltage  in  kilovolts  delivered  to  step-down  transformers. 
D  =  distance  of  transmission  in  miles. 
X  =  percentage  of  delivered  power  lost  in  the  line. 
e  =  efficiency  of  the  whole  system. 

gj  =  combined  efficiency  of  step-up  and  step-down  transform- 
ers and  synchronous  motors. 
d  =  diameter  of  line  conductors  in  inches. 
"W  =  power,  in  kilowatts,  delivered  at  the  low-voltage  bus-bars 
of  step-down  station. 
c  =:  cost,  in  dollars,  per  kilowatt  per  annum  at  the  low-volt- 
age bus-bars  of  the  step-up  transformers,  of  purchased 
power. 
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fi  =  price,  in  dollars,  received  lor  power  per  kilowatt  per 
annum  at  the  low-voltage  bu&-bars  of  the  step-down 
station. 

h  =  SL  quantity  which  multiplied  into  c  will  give  the  cost  of 
power  at  the  high-voltage  terminals  of  step-up  trans- 
formers. 

22  =  total  interest,  maintenance  and  depreciation  charge  per 
annum. 

2;,==cost  of  labor  for  operating  tran.sfornier  stations  and  for 
Qxecutive  and  clerical  services. 

3f  =  total  investment. 

C  =  total  cost  per  annum  of  power  delivered,  inclusive  of 

interest. 
p  =  a  percentage  covering  profit. 

"  —       '      since is  the  efficiency  of  the  linOk 


1 +x  i+x 

=  5^ — — — '—  =  total   amount  expended  per  annum  for 

e  Ci 

power  purchased. 
Ws  =  total  amount  received  per  annum  for  power  sold. 

Wc 
C7=  — +  Z  +  H 
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Ws — 0 e ei 
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m' 

Now  M  is  made  up  of 
1).  Cost  of  transformers. 
2).  Cost  of  transformer  switchboard  apparatus,  cables,  lightning 

protection,  etc. 
3).  Cost  of  building  and  real  estate. 
4).  Cost  of  insulators. 

5).  Cost  of  pole-line  material  and  construction. 
6).  Cost  of  right  of  way. 

7).  Cost  of  corrective  synchronous  motors  and  exciters. 
8).  Cost  of  switchboard  apparatus,  cables,  etc.,  for  synchronous 

motors. 
9).  Cost  of  conductors. 
Cost  of  transformers  will  depend  upon  voltage  and  output; 
h  (E,  W). 
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Cost  of  transformer  cables  and  controlling  apparatus  will  depend 
upon  same  quantities  as  transformers,  but  in  a  different  way; 

Cost  of  building  will  depend  upon  output; 

/a  (W). 
Cost  of  insulators  will  depend  upon  voltage,  diameter  of  conduc- 
tors and  number  required,  i.  e.,  voltage,  diameter  of  conductor 
and  distance  of  transmission; 
;',  (E,  d,  D). 
Cost  of  pole-line  construction  will  depend  upon  diameter  of  the 
conductors  and  the  distance.     But  the  diameter  of  the  conduc- 
tors depends  upon  voltage,  drop,  output  and  distance,  hence 

Cost  of  right  of  way  will  depend  upon  distance  only; 

Cost  of  synchronous  motors  will  depend  upon  output  only,  since 
all  other  factors  of  cost  will  be  fixed; 

A  (W). 

Cost  of  switchboards  and  cables  for  synchronous  motor  will  depend 
upon  output  only; 
/s  (W). 

Cost  of  line  conductors  will  depend  upon  voltage,  output,  line  loss 
allowed  and  distance  of  transmission ; 
/,  (E,  W.x,D). 

The  sum  of  these  nine  functions  constitutes  M,  the  total  invest- 
ment. 
Now  R   (total  interest  and  depreciation  charge)   depends  upon 

all  of  the  several  quantities  making  up  M. 

Tn  what  follows,  the  numerical  value  of  the  constants  are  those 

taken  for  the  specific  problem  treated  herein. 

Let  /7i  ::=  .125  =  percentage  of  transformer  cost  for  interest,  de- 
preciation and  repairs. 

^2  =  .125  =  percentage  transformer  switchboards  cost  for 
interest,  depreciation  and  repairs. 

^jj  =  .075  =r=  percentage  of  buildings  cost,  for  interest,  depre- 
ciation and  repairs. 

p^  =  ,lO  =  percentage  of  insulators  cost,  for  interest,  depre- 
ciation and  repairs. 

Pj  =  .125  =  percentage  of  pole  line  cost,  for  interest,  depre- 
ciation and  repairs. 
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Pf^  =  .05  =  percentage  of  cost  of  right  of  way,  for  intefest 
only. 

p.j  =  .125  ==^  percentage  of  synchronous  motor  cost,  for  in- 
terest, depreciation  and  repair?. 

p^  =  .125  =  percentage  of  cost  of  synchronous  motor,  switch- 
board, etc.,  for  interest,  depreciation  and  re- 
pairs. 

Pq  =  .05  =  percentage  of  cost  of  conductors,  for  interest,  de- 
preciation and  repairs. 

R  =  the  sum  of  these  percentages  multiplied  respectively 
into  the  several  quantities  to  which  they  refer. 

L  depends  only  upon  output,  f^^  (W)- 

The  numerical  values  given  for  the  percentages  p^,  p^,  etc.,  are 
those  which  will  be  used  in,  the  specific  problem  herein  treated. 
The  rate  of  interest  has  in  all  cases  been  taken  as  .05,  so  that  by 
subtracting  this  from  the  above  values  the  depreciation  assumed 
in  each  case  may  be  determined. 

If  there  be  substituted  in  equation  (1)  the  values  of  M,  L  and 
B,  as  expressed  by  the  above  symbols,  there  will  result  an  equation 
expressing  in  the  most  general  terms  the  relations  between  the 
distance  of  transmission  and  the  quantities  which  govern  it.  This 
substitution  results  in  rather  an  unwieldly  expression  and  will  be 
omitted. 

Before  proceeding  with  the  determination  of  the  forms  of  the 

several  functions  indicated,  it  will  be  necessary  to  enter  into  a 

discussion  of  the  relations  existing  between  voltage  and  line  loss, 

and  the  quantities  governing  them  respectively. 

Let  g^that  portion  of  the  cost  per  kilowatt  at  the  low-tension 

bus-bars  of  the  step-down  station,  which  is  due  to  line 

loss  and  to  interest  on  the  value  of  the  conductors; 

then,  anticipating  in  part,  the  matter  of  a  few  pages 

further  on 


9  = 


■he  Wx 


W 


p,  K^  W  D- 

in  which ^^ is    the    interest    on    the    conductors    and 

E^  X 

he  Wx  the  cost  of  the  power  lost  in  the  line. 

Setting  the  first  derivative  of  this  with  respect  to  x  equal  to 
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zero,  in  order  to  determine  the  minimuTn  value  of  q,  we  find  tiie 
well-known  expression  for  economic   drop 

From  this  equation  for  x  we  may  obtain  the  equation 


;j.K„D 


9     2  7 

hex 


E'^x 

But  the  first  member  of  this  equation  is  the  interest  on  the  line 
conductors  per  kilowatt  delivered,  and  the  second  member  is  the 
annual  cost  of  the  line  loss  per  kilowatt  delivered.  That  is,  for 
most  economical  conditions  the  line  loss  per  kilowatt  delivered 
must  be  equal  in  value  to  the  interest  on  the  conductors  per  kilowatt 
delivered  —  a  relation  also  well  known. 

As  has  already  been  suggested,  there  will  be  a  limit  to  which 
the  voltage  can  be  carried,  due  to  the  fact  that  although  increase 
of  voltage  will  diminish  the  annual  cost  of  lost  power  and  of  con- 
ductors, it  will  increase  the  annual  cost  of  certain  otlier  important 
factors.  The  elements  of  annual  cost  which  are  affected  by  change 
of  voltage  are  the  interest  and  depreciation  of  the  transformers, 
the  interest  on  the  line  conductors,  the  line  loss  and  the  interest 
and  depreciation  of  the  insulators.  The  first  and  last  items  will 
increase  with  the  voltage  because  of  the  increased  first  cost  due 
to  the  increase  of  voltage;  the  other  two  will  diminish. 

Let  5i  =  that  portion  of  the  annual  cost  per  kilowatt  of  de- 
livered power  due  to  the  line  loss,  conductors,  insulators  and  trans- 
formers. It  has  just  been  shown  that  for  best  economy  the  line 
loss  and  annual  conductor  cost  must  be  equal,  so  that  twice  the  line 
loss,  2  he  W  X,  may  be  taken  as  representing  the  sum  of  the  annual 
cost  due  to  line  loss  and  to  the  conductors.  As  will  be  shov/n  later, 
the  cost  of  the  insulators  will  vary  as  the  distance,  and  as  the  cube 
of  the  voltage  and  the  cost  of  the  transformers  may  be  repre- 
sented by 

Hence  remembering  that  pi  and  pt  are  the  interest  and  deprecia- 
tion on  transformers  and  insulators,  respectively, 

2hc  Wx  +  p,A\E^  {l  +  xyn  +  p^K^'  {E  +  K,'')  IF  ^ 
9.  =        ^y 

'         —  n 


or  puttmg  m  the  value  of  a^  I  I     '//  = 


E 
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2hcnWDE-^  +  p^E^E^  (1+n  D  E-^)^  D+p^K/ (E+K^")W^ 
^x  = w 

Now,  if  the  first  derivative  of  q^  with  respect  to  £'  be  set  equal 
to  zero  to  determine  the  best  value  of  E,  there  results  a  quartic 
equation  more  interesting  than  valuable,  so  far  as  the  present  ]iur- 
pose  is  concerned.  It  will  greatly  simplify  matters  if  instead  of 
substituting  the  value  of  .t;  in  {l-\-x)^  we  substitute  for  x  a  fixed 
drop  (Xi)  of  such  value  as  will  correspond  to  the  average  cost  of 
insulator  between  the  two  extreme  values  of  x  which  will  be  met 
with  in  practice;  as  will  be  shown  later,  the  error  due  to  such 
course  will  be  small.     Hence, 

2  hen  WDE-^  +  p,K,E^  (l  +  x^yn  +  p^  Z/  (E  +  Z/')  W  % 
q^  = ^ — 

Setting  the  first  derivative  of  this  equation  equal  to  zero,  solving 

for   E   and  substituting  for   n   the  value,    n  =  (-i-? — L)     ,  there 

^     he     ' 
results 


'      \%p,  K,{l+x,YD'^      36  p/AV(i+a:J6  z)2  +  3  p,  K,{l+x^)^) 

=  1  _3,066---  +  V  9,400,356-^  +  3,438.5  W\  (3) 

This  shows  that  the  voltage  may  be  increased  with  increase  of 
output.  This  was  to  be  expected,  since  for  a  given  cost  of  insu- 
lators the  cost  per  kilowatt  will  be  diminished  as  the  output  in- 
creases. The  value  of  x-^  used  in  the  above  equation  was  deter- 
mined upon  as  follows: 

The  minimum  drop  which  is  ever  likely  to  obtain  is,  say,  3.3  per 
cent,  the  maximum,  say,  11.5  per  cent.  The  reason  for  selecting 
these  values  will  be  apparent  on  considering  the  values  of  E  cal- 
culated from  the  above  eqiiation,  and  given  below,  in  connection 
with  the  values  of  W  to  which  they  correspond,  and  the  respective 
distances  to  which,  in  each  case,  the  various  amounts  of  power 
would  probably  be  transmitted.  The  intermediate  value  of  drop 
which  will  give  the  average  insulator  cost  is  6.45  per  cent,  and 
this  value  of  x^  is  taken.  With  this  value  of  x^,  maximum  error 
in  insulator  cost,  between  the  limits  assigned,  will  have  place  when 
X  =  3.3  per  cent  and  when  x  =>=  11.5  per  cent.  The  percentage 
error  at  either  of  these  limits  is  about  13  per  cent.  But,  as  ap- 
pears in  the  solution  of  the  first  derivative  of  insulator  cost,  at  the 
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point  of  minimum  of  the  variables  affected  by  the  voltage,  the 
combined  values  of  the  annual  cost  due  to  the  conductors,  the  an- 
nual cost  of  the  line  loss,  and  that  portion  of  the  annual  trans- 
former cost  due  to  voltage,  is  more  than  three  times  that  due  to 
the  insulators.  The  total  variable  quantity  involved,  therefore, 
is  more  than  four  times  the  annual  cost  due  to  insulators,  and  the 
error,  as  a  jx;rcentage  of  the  total  of  valuee  of  the  variables  involved, 
is  less  than  ^  =  3.25  per  cent,  instead  of  13  per  cent.  As  will 
be  seen  on  examining  the  manner  in  which  x-^^  enters  the  equation 
for  E,  the  maximum  error  in  E  will  be  less  than  3  per  cent,  which 
also  will  to  a  like  extent  aifeet  the  values  of  x.  These  errors 
are  negligible  so  far  as  the  main  problem  is  concerned,  and,  indeed, 
as  far  as  the  question  of  voltage  itself  is  concerned. 

In  Fig.  1  are  shown  curves  plotted  from  equation  (3).  These 
curves  show  the  kilovolts,  E;  for  different  distances,  D,  and  dif- 
ferent outputs,  W.  Fig.  2  gives  curves  plotted  from  equation  (2), 
using  the  values  obtained  from  the  curves  of  Fig.  1.  The  curves 
of  Fig.  2  show  the  percentage  drop,  x;  for  different  distances,  D, 
and  different  outputs,  W.  In  Fig.  3  are  curves  showing  the  diam- 
eters of  the  conductors  for  the  conditions  of  Figs.  1  and  2.  These 
diameters  were  calculated  from  the  formula 

^=^A^    -^^\e^^)    =;;r.b)    =-0219  (^)        (4) 

which  gives  the  diameter  d,  in  inches,  of  a  solid  conductor.  These 
diameters  were  in  this  case  calculated  for  a  solid  conductor  instead 
of  a  stranded  one,  because  we  have  at  present  available  data  as  to 
the  critical  point  in  the  atmospheric  loss  curve  for  solid  conductors 
only,  and  while,  perhaps,  this  critical  point  will  come  at  a  higher 
voltage  in  the  case  of  the  stranded  conductor  with  its  greater 
diameter,  there  are  no  definite  data  at  present  on  the  subject.  On 
comparing  the  diameters  of  conductoi-s  given  by  Fig.  3  and  the 
voltages  to  which  they  correspond  with  the  values  of  diameters 
and  critical  voltage  given  by  Prof.  Eyan  in  his  paper  on  that  sub- 
ject^ we  see  that  the  diameters  of  Fig.  3  are  considerably  above 
those  of  the  paper  referred  to.  It  appears,  therefore,  from  the 
present  knowledge  available,  that  the  limit  of  voltage  will  come 
tbrough  economic  conditions,  and  not  through  limitations  con- 
iiected  with  atmospheric  losses. 

2.  See  paper  read  by  Prof,  llyan  before  American  Institute  of  Electrical 
Engineers,  February  26,  1904. 
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In  the  determination  of  both  x  and  E  the  quantity  h  has  been 
employed.  This  quantity  is  a  factor  which  when  multiplied  into 
the  cost  of  power  at  the  low-tension  bus-bars  of  the  step-up  trans- 
formers will  give  the  cost  of  power  at  the  high-tension  terminals 
of  the  transformers.  That  is  to  say,  h  takes  account  of  all  charges 
which  should  be  made  against  this  power,  including  interest  and 
depreciation  of  the  step-up  station,  transformers,  etc.,  and  labor 
for  o])erating  the  station,  also  the  loss  in  the  transformers.  Now, 
strictly,  there  should  be  substituted  for  h  the  proper  functions 
of  tlie  quantities  on  which  it  depends,  but  to  do  so  would  seriously 
com})licate  the  equations  and  would  be  of  little  utility,  since  h  can 
be  approximated  with  sufficient  accuracy  in  any  particular  case, 
and  the  manner  in  which  it  occurs  in  both  x  and  E  is  such  as  to 
make  the  error  in  the  quantities  due  to  an  error  in  h  much  smaller 
than  the  error  in  h  itself.  In  the  specific  problem  herein  the  value 
c  =  10.9  is  taken  as  being  the  lowest  which  will  probably  ever 
obtain  where  large  amounts  of  power  are  available  within  trans- 
mission distance  of  a  desirable  market.  The  value  taken  for  h 
in  the  determination  of  E  and  x  is  1.1,  so  that  he  =  12. 

The  next  step  is  the  determination  of  the  forms  of  the  several 
functions  indicated.  In  what  follows,  the  constants  have  been 
evaluated  for  the  specific  problem  herein.  The  costs  resulting 
from  the  use  of  these  constants  will  be  found  to  be,  in  general, 
considerably  less  than  present  commercial  costs.  The  constants 
were  purposely  based  on  prices  less  than  can  be  now  obtained  in 
the  endeavor  to  anticipate  somewhat  possible  future  prices. 

From  a  careful  consideration  of  transformer  prices,  it  has  been 
determined  that  for  transformers  of  1500  kw  and  over,  the  cost 
installed  very  closely  follows  the  law 

/j  (E,  W)  =  Z/  (E  +  Z/')  W  ^  =  13.  (E  +  Z/O  W  y^ 
:.p,f,  {E,   F)=p,Z/  (E  +  K,'')  W^  =  1.625.  (^  +  Z/')  Tf  % 
in  which  Z/  is  a  constant  and  Z/'  a  "  variable  constant,"  a  quan- 
tity which  varies  slowly  with  the  output  in  accordance  with  the 
law 

Z/'  =  fci  +  fc.  W  =  55  +  0.000,227  W. 

Theoretically  the  transformer  cost  would  vary  with  the  drop 
x,  since  the  step-up  transformers  would  have  an  output  and  volt- 
age greater  than  the  step-down  transformers.  Practically,  how- 
ever, step-up  and  step-down  transformers  are  built  so  nearly  in 
the  same  lines  that  the  drop  would  make  little  difference.     Such 
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clifforence  as  would  exist  can  be  taken  care  of  approximately  by 
adjustment  of  the  constants,  which  has  been  done. 

While  the  apparatus  for  the  control  of  the  high-tension  side  of 
the  transformers  would  theoretically  vary  with  the  voltage,  such 
variation  for  50,000  volts  and  over  will  be  small,  since  in  most 
modem  plants  the  high-tension  switching  apparatus  is  simple  and 
higher  voltages  are  likely  to  cause  it  to  remain  so.  The  lightning 
protection  for  the  high-voltage  lines  might  vary  with  the  voltage, 
but  it  is  probable  that  for  high  voltages  there  will  soon  be  a  rever- 
sion to  much  simpler  and  inexpensive  apparatus  than  we  use  now, 
so  that  the  variation,  if  any,  due  to  higher  voltages  will  be  neglible. 
The  switchboard  for  the  lower  voltage  side  of  the  transformers 
will  vary  only  with  the  output,  since  we  assume  the  lower  voltage 
to  be  the  same  in  all  cases,  say  6,000  volts  or  thereabouts. 

The  apparatus  for  the  control  of  transformers  may  therefore  be 
considered  as  depending  only  upon  output.  Under  this  assumption 
a  consideration  of  costs  of  transformer-controlling  apparatus  and 
cables  shows  that  we  may  assume,  with  a  close  degree  of  accuracy, 
that 

f^  (E,  W)  =  K/  +  K^'  F  =  21,000  +  0.9  W 
:.  p2  /j  {E,  F)  =  Pa  ^2'  +  P2  -^2"  ^  =  2,635  +  0.1125  F. 

The  cost  of  buildings  and  the  real  estate  for  them  will  increase 
ver}'  slowly  with  the  output.     The  variation  of  this  item,  due  to 
variation  of  output  can  be  closely  enough  expressed  by 
/3  F  =  ^3'+  Z3"  F^  =  125,000  +  125  F^. 
;.  p3  ^3  F  =  p3  Z3'  +  p3  K^"  F^  =  9,375  +  9.375  F%. 

The  cost  of  an  insulator  will,  theoretically,  vary  with  the  diam- 
eter of  the  conductor  and  the  voltage.  Practically,  however,  the 
diameter  of  the  conductor  will  have  nothing  to  do  with  the  cost. 
A  consideration  of  insulator  prices  shows  that  the  cost  of  an  in- 
sulator will  vary  as  the  sum  of  a  small  constant  plus  the  product 
of  a  constant  into  the  cube  of  the  voltage.  With  high  voltages  the 
small  constant  is  negligible,  so  that  we  may  write 
/,  {EAJ))  =  K^  E^{\  +  x^Y  D  =  0.000,732  (1.0645)^  E'  D  = 
0.000,883  E^  D  .'.  p,  f^  {E,  d,  D)  =  jhK.E^  (l  +  x^)^  D  = 
0.000.088,3  E^  D. 

The  cost  of  the  pole-lino  material  and  construction  wiU  depend 
somewhat  upon  the  diameters  of  the  conductors,  since  as  the  di- 
ameters of  the  conductors  increase,  the  wind  and  sleet  stresses  will 
increase.     The  increase  of  cost  with  increase  in  diametei's  of  con- 
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ductors  will  be  slow.  The  law  followed  will  be  that  of  a  constant 
plus  a  function  of  the  diameters  of  conductors,  since  no  matter 
how  small  the  diameters  of  conductors  there  will  be  a  certain  cost 
representing  the  minimum  size  pole  which  would  be  employed. 
We  may,  with  a  fair  degree  of  accuracy,  write 

D 

or  putting  in  the  value  of  x=^n^ 

which  answers  for  a  stranded  conductor. 

Cost  of  right  of  wa}'  will  be  directly  proportional  to  distance, 
hence 

/g  {D)  =  Ze  P  =  1000  D. 

A  consideration  of  synchronous  motor  prices  shows  that  tlie  cost 
of  synchronous  motors  may  be  written 

f^   (F)  =  A'/  +  K,"  W  =  12,000  +  32.4  W. 
:.  p.  f.  (W)  -=--  p,  K/  +  p,  Z/'  W  =  1,500  +  4.0.-)  F. 
The  switchboards  and  cal)les  for  the  motors  will  follow  the  same 
law  as  those  for  the  transfonners,  hence 

f^(W)=  K/  +  K/'  W  =  8,400  +  0.17  W. 
.'•  P.  fs   OV)   =  p,  K/  +  p,  A%"  W  =  1.050  +  0.021,25  W. 
From  the  well-known  relations  liotwcen  the  cost  of  conductors 
and  the  voltage,  distance,  output  and  drop,  we  may  write 

W  7/  W  lA 

f,  {E,  W,x,D)  =  K,  -:^T^  =0.346-^^ 

or  putting  in  the  value  of  x^n  ^^ 

f,iE,  W,x,  J?)  =  A,  -^  =  -^-^  =9.1-^ 

,'.p,  /,  {E,   W,  X,  D)  =  P9—-^  =0.455  -^ 

Vol.  11  —  31 
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The  cost  of  labor  for  the  operation  of  the  step-up  and  step-down 
transformer  stations  and  for  executive  and  clerical  purposes  would 
probably  not  vary  at  all.  We  have  in  each  case  the  same  number 
of  units  to  be  looked  after  and  the  size  of  these  units  would  make 
little,  if  any,  difference  in  the  cost  of  attendance  upon  them.  Sim- 
ilarly, the  output  will  make  little  difference  in  executive  and  clerical 
costs.  We  would  probably  be  justified  in  making  /^o  (W)  a  con- 
stant. In  order,  however,  to  cover  such  small  increase  in  labor 
and  salaries  as  there  might  be  with  increase  of  output  we  will  write 
^,  (IF)  =/i,/  +  A"io"  Tr/^=  32,000  +  26  W\ 

It  is  to  be  noted  that  the  labor  in  connection  with  the  line  is 
taken  care  of  in  tlie  depreciation  and  repair  percentages  applicable 
to  the  supporting  structure  and  insulators  respectively. 

The   efficiency   of   the   whole   svstem    is  — ^  (see  page  473). 

D 

Putting  in  the  value  of  x=^  n  — 

E 

e,  0.925 


D  D 

1  +  w;£'=l  +  0.038-^ 

The  various  functions  above  arrived  at  may  now  be  utilized  in 

N 
obtaining  N  and  M  of  equation  (1)  p  =  —  • 

Eemembering  that  R  is  the  sum  of  the  products  of  the  various 

functions  by  the  corresponding  percentages  representing  interest, 

depreciation  and  repair;  that  L  =  f^Q  {^) ',  and  representing  the 

various  resulting  collections  of  constant  as  follows: 

a  =  p,  K^"  +  p,  K,"  +  ps  K^''  =  4.184. 

I  =  K\,'  +  p,  K,'  +  p,  AV  +  p,  K,'  +  p,  K^'  =  46,550. 

m  =  Zio"  +  ?)3  AV'  =  35.38. 

r  =  p,  K,"  +  p,  7f,  =  425. 

Wc  {l+x) 
then  N  =  Ws—  ^ —L  —  R  = 


^pJu^l^,,YE^D-rD-^-^^^^  (^)  D-b. 


W^ 
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Eepresenting  constants  as  follows: 

P  =  K^  +  K^  +  Z/  +  Zg'  =  166,400. 
r  =  7vV  +  ^6  =  4,000. 

Then 


+  '--H-^Q^-  + 


These  values  of  'N  and  iV,  if  substituted  in  equation  (1),  will 
give  in  its  final  fonn  the  equation  connecting  distance,  output, 
voltage  and  profit;  or  in  connection  with  equation  (3)  for  voltage, 
the  relation  between  distance,  output  and  profit.  Such  substitution 
results  in  a  cumbersome  equation,  and  will  not  be  here  written.  If 
tlie  various  numerical  values  already  determined  for  the  specific 
problem  herein  treated  be  substituted  in  iV  and  M  there  results 

iV=(s  — 15.96)  ir— 0.903  ^—35.38  F-^— 1.625  {E  +  K^')  Vf^ 
—  0.000,088,3  E"^D  —  425  Z)  —  4.65  ^-^,  j      D  —  46,550. 

M  =  33.47  W  +  9.1-^  +  125  F^-  +  13  (E+K^")  W^  +  0.000,883  E^ 


+  4,000  2)4-37.2  (-^)     P  +  166, 


400. 

The  value  of  s  in  the  above  equation  for  iV  will  be  taken  as  34 ; 
that  is,  it  will  be  assumed,  for  the  purposes  of  the  specific  problem, 
that  power  is  sold  at  $34  per  kw  year.  Putting  in  this  value  of  s 
and  calculating  the  value  of  p  for  different  outputs,  Tf^  and  dif- 
ferent distances,  I),  the  curves  of  Fig.  4  have  been  obtained.  These 
curves  show  for  different  values  of  ^N  the  relation  between  p  and  J), 

In  considering  these  curves  the  assumption  made  in  connection 
with  them  should  be  carefully  borne  in  mind.  A  small  change  in 
the  purchase  price  or  selling  price  of  power  wiU  make  a  great  dif- 
ference in  the  result.  Smaller  amounts  of  power  will  in  general 
be  purchased  at  a  higher  price  per  kilowatt,  but  on  the  other  hand 
they  would  probably  be  transmitted  to  points  where  the  power 
woiald  bring  a  higher  price,  since,  in  general,  the  larger  the  market 
the  cheaper  can  power  be  produced  by  steam. 

It  would  be  interesting  to  let  a — cje-^  equal  to  zero  and  determine 
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p,  which  would  then  be  the  cost,  including  interest,  of  operating 
the  plant.  If  curves  showing  the  percentage  of  the  investment  for 
operation  were  determined,  also  the  total  cost  of  the  plant,  both  for 
diiferent  outputs,  the  results  would  be  valuable  in  preliminary  esti- 
mates.    The  writer  hopes  to  work  up  such  data  at  a  later  date. 

It  will  be  noticed  on  referring  to  the  curves  that  some  of  them 
reach  to  distances  which  cause  the  drop  to  exceed  the  value  taken 
for  the  upper  limit  of  drop  in  connection  with  insulator  cost.  The 
error  due  to  1  or  2  per  cent  excess  will  not  greatly  affect  the  final 
result.  It  would  have  been  somewhat  better,  however,  for  the 
specific  problem  treated  to  have  chosen  the  limits  of  drop  as  5  per 
cent  and  15  per  cent  respectively  instead  of  those  taken, 
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Section  E  was  called  to  order  at  11 :15  a.  m.,  Monday,  September 
12,  1904,  Chairman  J.  W.  Lieb,  Jr.,  presiding. 

Chaikman  Lieb  :  It  gives  me  pleasure  to  invite  the  official  repre- 
sentatives of  the  National  Electric  Light  Association  and  the 
Association  of  Edison  Illuminating  Companies  to  be  joint  chairmen 
in  this  Section  during  the  session  at  wliich  papers  are  to  be  read  by 
representatives  of  these  bodies.  I  have  the  lienor  to  extend  to  tlie 
Honorary  Chairman  and  Vice-Presidents  of  this  Section  an  invi- 
tation to  occupy  the  chair  jointly  with  the  Chairman  of  this  Sec- 
tion. We  will  first  take  up  the  paper  by  ]\Ir.  Arthur  Wright, 
which  ]\rr.  J.  M.  Dick  has  kindly  consented  to  read.  This  will  be 
followed  by  the  paper  of  Mr.  E.  De  Eodor,  to  be  read  by  Mr. 
Philip  Torchio.     The  two  papei-s  will  then  l)e  discussed  jointly. 

Mr.  J.  E.  Dick  then  read  the  paper  by  Mr.  Arthur  Wright, 
which  follows: 


SOME  EECENT  IMPROVEMENT  IN  ELECTRO- 
LYTIC METERS. 


BY  ARTHUR  WRIGHT. 


From  a  careful  study  of  the  conditions  governing  the  consump- 
tion of  electricity  in  a  large  town  having  over  4000  consumers, 
the  author  has  been  convinced  that  it  is  just  as  essential  io  the 
profitability  of  an  electric  supply  business  for  electric  meters  to 
correctly  and  economically  register  the  electricity  consumed  at 
light  loads,  as  it  is  that  they  should  do  so  at  full  loads;  and  real- 
izing the  shortcomings  of  many  of  the  meters  on  the  market  in 
this  respect,  particularly  after  they  have  been  in  service  for  a 
few  months,  he  is  anxious  to  bring  before  the  members  of  tl.is 
important  Congress  a  type, of  electric  meter,  which  in  the  author's 
opinion  is  free  from  this  serious  charge  of  under-registration  and 
heavy  consumption  of  energy  at  light  loads. 

Before  describing  the  apparatus  in  question,  the  author  thinks 
the  following  considerations  will  justify  some  attention  being  given 
to  the  question  of  improvement  in  electricity  meters. 

The  meter  department  of  an  electric  supply  business,  consider- 
ing its  vast  importance  on  the  net  profits,  frequently  does  not 
receive  the  attention  it  deserves  from  the  central  station  manager. 
When  it  is  realized  that  as  much  money  is  now  often  wasted  by  the 
use  of  imperfect  meters  as  can  be  lost  by  the  use  of  inefficient 
engines  and  boilers  for  electricity-supply  undertakings,  the  serious- 
ness of  the  neglect  of  the  meter  department  becomes  very  tangible. 
Doubtless  owing  to  the  fact  that  meters  are,  of  necessity,  out  of 
the  sight  of  managers  of  central  stations,  and  that  they  usually  give 
so  little  trouble  either  to  the  managers  or  to  the  consumers,  this 
end  of  the  electricity  business  receives  far  less  serious  study  than 
have  the  boiler-house  and  engine-room  equipments,  although  about 
the  same  amount  of  capital  is  usually  a)Dsorbed  by  these  two  de- 
partments. Nevertheless,  it  can  be  easily  proved  that  in  the 
meter  department,  the  cost  of  the  energy  consumed  in  the  shunt 
winding  of  the  ordinary  meters,  the  loss  of  revenue  due  to  the 
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Tinder-registratioii  at  light  loads,  and  the  cost  of  motor-meter 
repairs  will  generally  amount  to  more  than  7  per  cent  of  the 
total  income,  which,  as  above  stated,  is  probably  more  than  the 
ordinary  loss  in  an  electric-lighting  business  through  the  use  of 
inefficient  steam  engines  and  boilers.  It  is  worth  while  noting 
here  that  this  waste  caused  by  the  use  of  imperfect  meters,  if  saved, 
would  be  sufficient  to  pay  about  2  per  cent  annually  more  on  the 
total  investment,  and  that  this  improvement  in  return  in  many 
cases  would  make  all  the  difference  between  the  ability  or  the  re- 
verse, of  obtaining  further  capital  for  the  extension  of  the  business. 
The  correct  registration  of  meters  at  half  and  full  load  has  long 
been  possible,  and  is  generally  insisted  upon;  but  it  is  only  lately 
that  the  equal  importance  of  correct  light-load  registration  has 
become  recognized. 

To  illustrate  the  small  attention  most  of  the  central  station 
men  have  given  to  this  question  of  correct  registration  at  light 
load,  the  author  has  only  to  remind  the  members  that  a  very  usual 
method  of  ascertaining  whether  a  meter  is  correctly  working  after 
it  has  been  once  tested  and  installed  on  a  consumer's  premises 
is  to  see  if  it  will  start  rotating  when  only  one  lamp  is  switched 
on.  Generally,  if  a  meter  moves  at  all  under  this  load  it  is  con- 
sidered to  be  good  enough  to  remain,  notwithstanding  that  no  in- 
formation at  all  has  been  thereby  obtained  as  to  its  correct  regli- 
tration  at  any  load.  It  is,  of  course,  obvious  that  with  such  rough 
methods  of  testing,  central  station  men  can  have  no  idea  of  the 
loss  of  revenue  that  is  occasioned  to  their  undertaking  by  the  con- 
tinued use  of  under-registering  meters.  In  fact,  some  of  us  have 
been  in  the  habit  of  making  meters  slightly  over-register  at  full 
load  with  the  impression  that  this  will  be  sufficient  to  correct  und<>r- 
registration  at  light  load.  It  must  be  remembered  that  froni  the 
very  nature  of  most  motor-meters,  the  tendency  must  be  for  them 
to  more  and  more  under-register  at  light  loads  as  the  time  of 
service  increases,  owing  to  the  gradual  increase  in  the  friction 
of  the  meters'  pivots  or  of  that  between  the  commutator  and  its 
brushes. 

The  following  sequence  of  considerations  will  probably  show  that 
it  is  just  as  important  to  a  supply  company  for  meters  to  register 
accurately  below  half-load  as  at  full  load. 

1).  It  is  usual  to  install  meters,  the  full-load  capacity  of  which 
is  greater  than  the  total  nimiber  of  lamps  in  the  installation. 
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2).  The  maximum  number  of  lamps  simultaneously  alight  in  an 
installation  is  generally  less  than  the  total  number  installed. 

3).  The  average  load  on  the  meter  is  considerably  less  than  the 
maximum  load. 

4).  During  the  greater  number  of  those  hours  in  the  year  during 
which  some  electricity  is  required,  the  actual  load  is  much  less 
than  the  average  load.  In  other  words,  meters  are  more  frequently 
worked  at  light  load  than  at  full  load,  and  moreover,  light  loads 
are  generally  on  for  many  more  hours  at  a  time  than  are  heavy 
loads.  This  can  easily  be  demonstrated  by  plotting  out  the  annual 
load  curve  of  any  average  private  residence,  from  which  it  will  be 
seen  that  certainly  more  than  half  the  annual  consumption  in  kilo- 
watt-hours is  taken  at  less  than  half  the  maximum  load  of  the  year. 
Some  engineers  have  been  heard  to  say  that  the  well-known  loss  of 
revenue  due  to  the  under-registration  of  meters  at  light  loads  is  a 
very  convenient  form  of  lowering  the  price  of  electricity  during  the 
time  the  generating  station  is  underloaded,  and  a  tariff  and  a  meter 
has  actually  been  proposed  having  this  argument  as  their  basis.  In 
the  author's  opinion,  this  method  of  reasoning  indicates  a  very  slack 
method  of  doing  business,  as  the  reduction  in  the  consumer's  bill 
thereby  obtained  is  given  in  a  form  for  Avhich  the  public  will  never 
give  the  supply  company  any  credit.  The  probable  reason  wiiy 
central  station  men  continue  to  use  meters  which  needlessly  waste 
about  7  per  cent  of  their  income  is  either  that  they  do  not  recognize 
that  more  than  half  the  revenue  of  tlieir  business  is  derived  under 
conditions  during  which  the  meters  are  working  at  less  than  half- 
load,  or  that  they  are  not  aware  of  the  possibility  of  obtaining 
satisfactory  meters  which  can  register  accurately  over  a  hundred- 
fold range  after  one  or  two  years'  continuous  use. 

The  author  would  like  to  remark  here  that  many  inventors  have 
realized  the  importance  of  correct  registration  of  meters  at  light 
loads,  and  this  object  has  been  the  cause  of  some  of  the  most 
beautifiil  inventions  in  electrical  instrumicnt  making.  Witness  for 
example  the  compound  winding  adopted  by  Ferranti  and  Elihu 
Thomson,  the  beautiful  magnetic  suspension  of  Mr.  Stanley,  the 
varying  friction  correcting  devices  of  M.  Brille  and  Mr.  Evershed. 
As  all  of  these  forms  of  correction  for  friction  are  apt  to  vary 
in  etficiency  as  time  goes  on,  from  mechanical  reasons,  the  perma- 
nency of  the  hoped-for  cure  can  never  be  assured. 

Leaving  now  the  importance  of  correct  registration  at  light 
loads,  the  author  desires  to  remind  the  members  that  an  almost 
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equally  serious  loss  is  occasioned  by  the  use  of  the  shunt  winding 
of  most  motor-meters  and  that  the  capitalized  cost  of  the  energy 
consumed  in  the  shunt  circuit  of  the  ordinary  watt-hour  meter  is 
over  $10.50  when  used  on  100-volt  circuits,  and  $21  when  used 
on  the  250-volt  circuits  now  likely  to  become  more  and  more 
common.  As  a  matter  of  fact,  the  loss  of  energy  in  the  meter 
shunt  on  250-volt  systems  can  easily  amount  to  10  per  cent  of 
the  total  output  in  kilowatt-hours. 

From  the  above  considerations  the  author  felt  that,  given  a 
reliable  system  of  supply,  next  to  the  importance  of  studying  the 
correct  system  of  charging  for  electrical  energy,  came  this  question 
of  improvement  in  electricity  meters,  and  as  he  and  his  colleagues, 
the  Eeason  Manufacturing  Company,  after  working  for  years  on 
this  subject,  have,  he  believes,  succeeded  in  producing  a  perfectly 
accurate  meter  which  can  be  sold  at  a  lower  price  than  any  motor- 
meter  on  the  market,  he  feels  that  he  is  justified  in  introducing  the 
subject  to  the  members  of  this  important  Congress,  not^vithstand- 
ing  the  risk  he  thereby  runs  of  appearing  to  present  merely  an 
elaborate  form  of  advertisement  for  some  recent  work  he  is  inter- 
ested in.  The  author  trusts,  however,  that  when  some  of  the  eftects 
to  be  described  are  studied,  and  the  many  interesting  possible  appli- 
cations to  commercial  electricity  are  realized,  the  members  will 
overlook  some  of  his  enthusiasm  on  the  subject  of  a  meter  based 
on  the  electrolysis  of  mercury. 

To  arrest  the  attention  of  those  central  station  managers  who 
are  under  the  impression  that  all  electrolytic  meters  are  messy, 
wet  things  which  very  much  under-register  at  light  loads,  are  ex- 
pensive to  maintain,  and  unsuitable  for  making  watt-hour  meas- 
urements or  for  the  measurements  of  alternating  currents,  the 
features  of  the  mercury  electrolytic  meter  he  is  about  to  describe 
can  be  enumerated  as  follows : 

1).  It  consists  in  its  simplest  form  of  a  hermetically  sealed 
meter,  self-contained,  clean,  and  as  durable  as  an  ordinary  ther- 
mometer, and  almost  equally  simple  in  construction,  capable  of 
registering  at  all  loads  from  1000th  to  full  load  with  a  maximum 
loss  at  full  load  of  half  a  volt. 

2).  An  apparatus  without  any  moving  mechanical  parts  or  any- 
thing likely  to  wear  out  or  vary. 

3).  A  type  of  accurate  meter  whose  maintenance  cost  is  nil. 

4).  A  meter  capable  of  being  made  in  a  perfectly  portable  form 
suitable  for  use  on  trolley  ears  and  automobiles. 


WRIGHT:     IMPROVEMKXT  IX  ELECTROLYTIC  METERS.     493 

5).  A  meter  which,  if  desired,  can  be  made  to  register  watt- 
hours  instead  of  ampere-hours  by  the  addition  of  a  special  shunt 
solenoid  mechanism. 

6).  An  electrolytic  meter  which  is  capable  of  being  used  to 
measure  accurately  alternating  currents  by  the  addition  of  a  simple 
form  of  transformer. 

T).  An  unalterable  meter  which  must,  by  its  very  simplicity, 
cost  much  less  to  make  than  any  commercial  motor-meter  on  the 
market. 

8).  A  type  of  meter  of  which  about  16,000  are  now  in  use 
notwithstanding  it  has  been  barely  two  and  a  half  years  out  of 
the  experimental  stage. 

The  apparatus  which  the  author  desires  to  bring  to  the  notice 
of  the  members  consists  in  its  simplest  and  latest  form  of  a  small 
egg-shaped  glass  bulb  horizontally  divided  into  two  compartments 
by  a  diaphragm  of  fine  platinum  gauze.  This  diaphragm  is  shaped 
like  a  cone  and  has  a  small  aperture  at  its  apex  which  is  pointed 
upwards.  Close  beneath  the  base  of  this  gauze  cone,  a  ring  of  plat- 
inum foil  is  supported,  the  surface  of  which  has  been  coated  with 
platinum  black  to  prevent  the  adherence  of  the  mercury  that  is 
deposited  on  it  Avhen  in  action.  At  the  bottom  end  of  the  glass 
bulb  an  index-  tube  of  elliptical  section  is  attached  with  its  accom- 
panying scale  having  divisions  approximately  1  mm  apart.  Before 
sealing  up  the  glass  bulb,  sufficient  pure  mercury  is  poured  on  to 
the  top  of  the  gauze  diaphragm  to  a  depth  of  about  a  quarter  of 
an  inch  or  to  about  half  the  height  of  the  cone ;  the  remainder  of 
the  apparatus  is  then  filled  with  a  slightly  acid  solution  of  mer- 
curous  nitrate.  By  means  of  platinum  leading-in  wires  the  gauze 
diaphragm  is  made  the  anode,  and  the  platinized  ring  underneath, 
the  cathode  of  the  electrolytic  cell.  The  amount  of  mercury  and 
the  index  tube's  length  are  generally  made  sufficient  for  250  hours' 
use  at  full  load.  The  glass  apparatus,  its  attached  scale,  and  the 
connecting  wires  are  preferably  supported  by  a  system  of  springs 
in  a  protecting  iron  case,  and  a  portion  of  the  main  current  to  be 
measured  is  derived  from  a  large  platinoid  wire  shunt,  and  passes 
through  a  copper  resistance  coil  on  its  way  to  the  electrolytic  cell. 
In  use,  after  most  of  the  mercury  has  been  transferred  by  electroly- 
sis from  above  the  anode  gauze  diaphragm  to  the  cathode  ring 
beneath  and  thence  to  the  index  tube,  the  meter  is  reset  by  hand 
by  merely  tilting  the  tube  upward  on  the  hinges,  so  that  the  mer- 
cury that  has  collected  in  the  index  tube  passes  through  the  hole 
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iu  the  cone';5  apex  back  to  the  anode  chamber,  where  the  capillary 
repulsion  of  tlie  platinum  gauze  supports  the  metallic  mercury, 
without  interfering  with  both  the  bottom  and  top  surfaces  of  the 
mercury,  being  exposed  to  the  full  action  of  the  electrolyte.    When 
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it  is  undesirable  to  reset  the  meters  more  frequently  than  once  a 
year,  the  time  range  of  the  above  instrument  can  be  extended  by 
tlie  use  of  the  sy])hon-sliaped  index  tube  which,  on  becoming  full 
of  mercury,  automatically  empties  itself  into  a  larger'  index  tube 
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below;  the  extra  quantit}'  of  mercury  required,  for  this  type  is 
automatically  fed  to  the  anode  compartment  from  an  attached 
reservoir  after  the  manner  of  a  bird-fountain. 

When  it  is  necessary  to  measure  watt-hours  instead  of  ampere- 
hours,  the  electrolytic  cell  is  connected  across  a  main  current 
shunt,  whose  resistance  is  made  to  vary  in  proportion  to  the 
variation  of  the  voltage  circuit  to  be  measured,  and  as  in  practice 
more  than  a  10-per-cent  variation  of  pressure  is  rare,  only  10  per 
€ent  of  the  total  main  resistance  need  be  made  variable  in  this 
manner. 

The  above  mercury  electrolytic  meter,  as  is  usually  the  case  with 
most  inventions,  has  had  many  ancestors,  the  most  important  of 
which,  as  far  as  the  author  has  been  able  to  trace,  are  as  follows : 

1).  The  original  mercury  electrolytic  meter  devised  by  Mr.  Var- 
ley  in  the  year  1883,  consisting  of  a  porous  cell  filled  with  mercury 
constituting  the  cathode;  this  was  placed  in  a  containing  jar  having 
a  mass  of  mercury  at  the  bottom  acting  as  the  anode,  the  intention 
being  to  make  the  cathode  mercury  to  overflow  by  electrolysis 
into  a  measuring  tube  or  back  into  the  cathode  mercury,  and 

2).  Messrs.  McKenna  and  Anders'  types  of  the  year  1892,  in 
which  the  cathode  consisting  either  of  a  graphite  rod  or  platinum 
surface  was  placed  above  the  mercury  anode,  the  deposited  mer- 
curv  from  the  cathode  in  l)oth  cases  being  made  to  drop  into  an 
index  tube  below  the  anode.  All  these  types  must  have  been  de- 
fective by  reason  of  the  catliode  being  placed  above  the  anode, 
as  the  stagnation  of  the  electrolyte  necessarily  caused  the  mercury 
anode  to  become  covered  and  insulated  by  a  layer  of  crystals,  thus 
preventing  further  electrolysis.  It  was  doubtless  owing  to  the 
mechanical  difficulty  of  placing  the  cathode  below  the  anode,  while 
at  the  same  time  insuring  that  the  surfaces  of  the  anode  should 
be  bathed  in  a  constantly  moving  electrol^-te,  and  of  making  a 
type  in  which  the  mercury  of  the  anode  was  not  easily  upset,  that 
so  little  was  apparently  done  in  the  way  of  mercury  electrolytic 
meters. 

As  is  now  well  known,  all  the  older  forms  of  electrol3iic  meters 
having  metallic  anodes,  when  working  in  parallel  with  a  metallic 
main  current  shunt,  suffered  from  the  fault  of  under-registration 
at  light  loads,  due  to  an  appreciable  counter  e.m.f.  consequent  on 
the  unequal  concentration  of  the  electrolvte.  In  1899  the  author 
found  that  this  serious  defect  could  be  completely  corrected  by 
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means  of  ad(lij]g  a  very  small  constant  e.m.f.  to  the  electrolytic  cell's 
circuit,  either  by  an  actual  voltaic  cell  or  by  the  equivalent  addi- 
tion obtained  by  shunting  a  portion  of  a  high  resistance  connected 
across  the  two  poles  of  the  circuit  to  be  measured.  He  thereupon 
applied  this  method  of  correction  to  the  simplest  complete  electro- 
lytic meter  that  has  been  devised,  viz.,  the  Grassot  meter,  which  is 
dependent  for  its  action  on  the  gradual  eating  away  of  the  end  of 
a  metal  rod,  which  forms  at  the  same  time  the  anode  of  the  cell 
and  the  indicator,  against  a  scale,  of  the  number  of  ampere-hours 
consumed.  The  application  of  the  above  corrector  enabled  the 
author  to  make  a  cheap,  perfectly  accurate,  and  easily-read  meter, 
but  it  was  still  messy  and  uncommercial,  owing  to  the  salts  gradu- 
ally creeping  up  the  walls  of  the  container  and  the  necessity  existing 
of  having  to  renew  the  anode  rods.  The  author  then  applied  this 
correction  principle  to  the  Varley  mercury  electrolytic  meter  with 
fairly  good  results.  Owing,  however,  to  the  principle  involved  re- 
quiring the  cathode  to  be  alwa^'s  higher  than  the  anode,  this  form 
was  unsatisfactory  for  other  than  very  short  duration  measure- 
ments, as  the  surface  of  the  anode  rapidly  becomes  covered  with 
crystals  of  mercurous  nitrate  through  the  entire  absence  of  any 
circulation  in  the  electrolyte.  ]^^otwitlistanding  this  diflficulty  with 
mercury,  the  author  found,  upon  taking  a  series  of  tests,  that  if 
the  stagnation  of  the  electrolyte  could  be  overcome,  a  mercury 
electrolytic  meter  could  be  made  to  register  accurately  at  all  loads 
when  shunted  by  a  metallic  resistance.  It  Avas  not  easy  at  first 
to  devise  a  form  to  overcome  the  physical  difficulty  of  construct- 
ing a  portable  meter  having  a  mercury  anode  placed  above  the 
cathode,  and  at  the  same  time  having  most  of  the  surface  of  the 
anode  exposed  to  the  action  of  the  electrolyte.  Ultimately,  after 
many  devices  having  been  tried  with  more  or  less  satisfactory  re- 
sults, a  simple  solution  was  found  in  the  use  of  a  platinum  wire- 
gauze  anode  mercury  container;  this  completely  solved  the  diflfi- 
culty  in  that  it  enabled  a  large  surface  of  mercury  to  be  exposed 
near  the  top  of  the  electrolyte  in  very  close  proximity  to  the 
cathode  placed  below  it,  thus  enabling  the  heavy  mercurous  solu- 
tion resulting  from  the  electro]3'sis  to  fall  by  gravity  directly  on 
to  the  cathode,  and  at  the  same  time  permit  the  lighter  impover- 
ished liquid  to  rise  from  the  cathode  up  to  the  anode  surface  in 
a  way  which  is  naturally  adopted  in  all  electrolytic  cells  having 
solid  anodes. 
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• 

Another  reason,  besides  the  difficulty  of  placing  the  cathode 
under  the  anode,  why  workers  have  failed  to  secure  satisfactory 
results  with  mercury  electrolytic  meters,  was  probably  the  neces- 
sity of  having  to  use  extremely  pure  chemicals,  and  the  present 
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manufacturers  of  the  meters  in  England  have  only  succeeded 
through  their  thorough  mastery  of  the  science  of  chemical  clean- 
liness and  purity,  and  their  skill  in  devising  the  many  mechanical 
items  requisite  for  the  commercial  development  of  the  ideas  out- 
VOL.  11  —  32 
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lined  above.  It  must  be  obvious  that  in  the  mercury  electrolj-tic 
meter  the  law  of  registration  at  an}^  load  must  be  purely  a  fixed 
physical  one  and  not  one  constantly  varying  from  causes  such 
as  friction  which  motor-meters  are  always  subject  to.  It  has  been 
found  from  experiment  that  if  the  electrolyte  contains  a  portion 
of  1^  per  cent  of  free  nitric  acid,  its  composition  will  remain 
always  the  same,  consequently  the  internal  resistance  of  the  meter 
remains  constant  when  the  Edison  temperature-correcting  device 
is  used  in  conjunction  with  it.  Owing  to  the  mercurous  nitrate 
solution  being  incapable  of  freezing  unless  the  temperature  is  less 
than  25  deg.  F.,  there  is  little  reason  to  fear  trouble  in  practice 
from  the  freezing  of  the  electrolyte;  should  it,  however,  become 
necessary  to  expose  meters  to  situations  which  are  subject  to  lower 
temperatures  than  the  above,  the  freezing  difficulty  can  be  entirely 
obviated  by  adopting  Mr.  Edison's  thermostatic  lamp  device. 

The  stagnation  of  the  electrolyte  having  thus  been  overcome  and 
the  absence  of  the  polarization  error  at  light  loads  having  been 
proved,  it  was  merely  a  matter  of  chemical  and  mechanical  skill 
to  perfect  the  details,  such  as  the  exact  chemical  solution  to  insure 
the  permanency  of  the  internal  resistance,  the  proper  method  of 
suspension,  and  the  best  means  for  obtaining  long  range  as  regards 
time.  • 

In  order  to  test  the  meter's  accuracy  at  all  loads,  tests  were  made 
of  the  polarization  e.m.f.  at  difPerent  loads,  with  the  results  showing 
that  with  a  meter  having  a  maximum  drop  of  a  quarter  of  a  volt 
at  full  load,  the  accuracy  of  registration  in  accordance  with  Fara- 
day's law  would  be  as  follows : 

At  half-load,  98.6  per  cent;  at  quarter-load,  97.7  per  cent;  at 
10th  load,  97  per  cent;  at  50th  load,  96.1  per  cent;  at  100th  load, 
95.7  per  cent;  at  200th  full  load,  94.2  per  cent. 

If  the  maximum  drop  at  full  load  be  allowed  to  be  one  volt,  the 
percentage  of  accuracy  at  1000th  of  full  load  will  be  94  per  cent. 

The  following  advantages  accrue  from  the  use  of  meters  having 
this  extremely  long  range  of  accurate  registration: 

1).  Increased  revenue  compared  to  that  derived  from  ordinary 
motor-meters. 

2).  The  possibility  of  having  to  keep  a  much  smaller  meter  stock 
owing  to  only  one  size  of  meters  (say  of  20  or  30  ampere  maximum 
capacity)  being  required  for  probably  over  90  per  cent  of  the 
consumers,  instead  of  having  to  keep  a  large  assorted  stock  of 
meters  of  2^,  5,  10,  and  20  ampere  capacity,  respectively. 
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3).  The  advantage  of  being  able  to  make  the  chief  part  of  the  ap- 
paratus —  the  electrolytic  cell  —  exactly  the  same  for  practically 
all  the  sizes  of  meters  required  in  practice. 

To  confirm  this  greater  accuracy  of  registration  of  the  mercury 
meter  at  all  loads  over  the  usual  types  of  motor-meters  used  in 
Europe,  the  author  had  electrolytic  meters  placed  in  series  with 
motor-meters  on  a  large  number  of  consumers'  premises,  taken  at 
random,  and  found  that  the  electrolytic  meters  registered  on  the 
average  8.6  per  cent  greater  consumption  than  the  motor-meters. 
The  author  thinks  it  well  to  point  out  that  this  difference  if  capi- 
talized on  a  ten-years'  basis  is  more  than  sufficient  to  pay  for  the 
entire  scrapping  of  the  old  meters.  It  is  hardly  necessary  to  point 
out  to  the  members  that  the  mercury-meter  scale,  like  that  of  a 
thermometer,  is  capable  of  being  more  accurately  read  than  the 
dial  of  the  ordinary  gas  or  motor  electric  meter. 

By  a  very  careful  series  of  tests  it  was  determined  that  the  oppos- 
ing e.m.f.  of  polarization  in  a  meter  having  a  fall  of  potential  of 
only  a  quarter  of  a  volt  at  full  load  was  as  follows : 

At  100th  full  load,  .000,18  of  a  volt;  at  50th  full  load,  .000,345 
of  a  volt;  at  10th  full  load,  .001,5  of  a  volt. 

These  exceedingly  small  values  of  the  opposing  e.m.f.  hardly 
prepared  the  author  for  the  remarkable  property  this  gauze  type 
of  mercury  electrolytic  meter  possessed  of  rectifying  alternating 
currents  when  used  in  conjunction  with  a  shunt  of  comparatively 
low  resistance,  and  its  consequent  property  of  enabling  such  a  type 
to  be  used  for  alternating-current  measurements.  As  the  above 
property  is  not  a  true  case  of  electrolysis  by  alternating  currents, 
or  of  an  action  analogous  to  the  well-known  property  of  an  alu- 
minum anode,  the  author  has  not  at  present  made  up  his  mind  as 
to  what  is  the  true  explanation  of  this  useful  effect;  but  he  has, 
in  the  meantime,  determined  that  by  a  very  slight  modification 
of  the  meter's  shunt  circuits  an  accurate  electrolytic  alternating 
meter  can  be  obtained. 

Chairman  Lieb:  If  Mr.  Torchio  will  be  kind  enough  to  read  Mr.  De 
Fodor's  paper,  we  will  proceed  with  that  before  entering  upon  a  discus- 
sion of  Mr.  Wright's  paper.  I  will  ask  both  Mr.  Dick  and  Mr.  Torchio  to 
make  some  notes  when  we  come  to  the  discussion  of  the  papers,  so  that 
they  may  be  able  to  answer  any  questions  which  may  arise,  and  that  will 
facilitate  the  discussion. 

Mr,  Torchio  then  read  Mr.  De  Fodor's  paper,  as  foUowa: 


EATES  FOE  ELECTRICITY  SUPPLY. 


BY  ETIEXXE  DE  FODOR. 


If  we  take  a  retrospective  glance  in  the  history  of  current  tariffs, 
we  will  find  that  at  the  beginning  the  endeavors  were  to  make  such 
tariffs  as  simple  as  possible.  However,  with  the  lapse  of  time,  it 
became  necessary  to  sacrifice  such  simplicity  and  establish  rates  in 
various  grades  as  circumstances  and  local  conditions  demanded.  It 
may  seem  astonishing  to  assert  that  at  present  there  exist  nearly 
as  many  rates  as  there  are  central  stations;  yet  in  fact  this  is  true 
and  can  be  confirmed. 

In  most  cases  —  at  least  the  larger  —  electrical  central  stations 
were  erected  in  opposition  to  existing  gas  companies,  which  had 
acquired  through  many  years  a  vast  amount  of  experience  in  the 
art  of  lighting  and  power  distribution.  So  long  as  they  relied  upon 
the  old  flame  burner,  the  gas  companies  at  that  time  had  nothin'g 
to  bring  in  opposition  to  the  brilliant  and  steady  light  of  the  elec- 
tric arc,  and  it  seemed  at  the  time  that  the  electric  light  would 
entirely  supersede  gas.  It  was  evident  that  the  moment  competi- 
tion arose  between  the  existing  gas  companies  aTid  the  new  under- 
takings, the  latter  would  be  forced  to  adapt  itself  to  the  local  con- 
ditions prevailing.  The  desire  to  win  over  this  or  that  consumer 
from  the  gas  companies  rendered  H  necessary  for  the  electric  com- 
panies to  make  changes  from  any  contemplated  high  standard  rate, 
and  one  can  therefore  say,  that  in  the  history  of  every  electrical 
current  tariff  there  was  a  period  in  which  the  tariff  could  be 
designated  as  a  war  tariff. 

This  peculiarity  of  tariffs  was  specially  prominent  in  current 
charges  on  account  of  its  division  in  two  parts,  namely,  one  for  light 
and  one  for  power.  It  is  known  that  from  the  beginning  in  the 
delivery  of  electrical  energy  an  attempt  was  made  to  conform  to 
such  usages  and  conditions  as  existed  at  the  time  with  respect  to 
gas.  The  8  and  16  candle  power  units  that  we  still  retain  are  a 
heritage  from  the  gas  companies.  In  the  creation  of  separate 
tariffs  for  light  and  power  by  the  first  electrical  central  stations, 
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the  practice  of  gas  companies  was  followed,  which  inetliod  of 
charging,  it  may  be  mentioned,  had  just  been  introduced  by  the 
latter  concerns  with  considerable  misgivings.  When  toward  the 
end  of  1879,  Thomas  A.  Edison  announced  to  the  world  that  ho 
had  solved  the  problem  of  electric  light  subdivision,  and  owing  to 
growing  competition  from  cheap  petroleum,  gas  companies  began  to 
exert  themselves  and  concentrated  their  attention  to  the  utilization 
of  gas  for  power  purposes.  It  was  at  this  period,  just  before  the 
day  of  electrical  central  stations,  that  the  two-rate  gas  tariff  system 
came  into  operation.  It  was  thus  upon  the  basis  of  this  two-rate  sys- 
tem that  the  gas  companies  conducted  their  opposition  against  the 
electric  light,  while  on  the  other  hand,  the  electric  companies 
quickly  took  up  and  employed  the  same  means  to  fight  the  gas 
companies. 

However,  electrical  central  stations  were  forced  from  the  begin- 
ning to  make  an  enormous  difference  in  price  between  current  for 
light  and  current  for  power,  while  with  the  gas  companies  this  dif- 
ference was  at  first  only  10  to  SO,*^  and  later  on  in  few  cases  barely 
reached  40^.  Since  that  time  the  gas  companies  have  had  ample 
opportunities  to  recover  from  the  shock  which  the  Edison  invention 
gave  them,  and  after  the  invention  and  perfection  of  the  Auer-Wels- 
bach  mantle,  they  have  been  placed  in  a  position  which  enables  them 
to  face  almost  indifferently  the  formerly  feared  opposition  of  the 
electric  light.  Through  systematic  effort  they  have  succeeded  in 
extending  the  use  of  gas  to  heating  purposes,  thus  establishing  them- 
selves in  a  position  free  of  hazard  concerning  the  profitable  conduct 
of  gas  companies  for  a  long  time  in  the  future.  These  and  other 
vital  advantages  which  gas  companies  possess,  have  made  it  possible 
for  them  to  discard  war  tariffs  with  respect  to  central  stations,  and 
slowly  to  return  to  the  unit  prices  which  they  evolved  about  a  quar- 
ter of  a  century  ago. 

That  the  gas  companies  have  understood  and  succeeded  in  finding 
new  and  profitable  markets  for  their  products,  is  proven  by  the  fact 
that  the  quantity  of  gas  consumed  for  so-called  "  industrial "  pur- 
poses—  that  is.  for  power  and  heating  —  is  a  relatively  large  per- 
centage of  the  total  amount  generated.  Last  year  this  percentage 
amounted  in  Darmstadt  to  46.76^;  Munich  to  46.605??;  Diisseldorf 
to  43.02.^;  Hildesheim  to  39.27,1';  Elberfeld  to  39.20^;  Cologne 
to  35.49;^;  Oldenburg  to  34.97^  of  the  total  gas  amount  gen- 
erated. This  considerable  increase  in  gas  supplied  for  in- 
dustrial   purposes     also     implies     an     increase     in    the     public 
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demand  for  cheap  gas,  whereas  rates  for  lighting  purposes, 
which  is  the  niore  profitable  branch,  have  not  had  the  same 
rising  tendency.  The  gas  companies,  seeing  that  the  public  were 
daily  becoming  more  familiarized  with  the  use  of  gas  for  indus- 
trial purposes,  soon  became  convinced  that  an  eventual  increase  in 
the  price  of  "  industrial  "  gas  would  not  be  followed  by  any  decrease 
in  its  consumption  or  demand.  At  the  same  time  it  was  clear  to 
them  that  an  eventual  decrease  in  the  price  of  gas  for  lighting  pur- 
poses would  result  in  a  rapid  increase  and  demand.  The  largest  gas 
company  in  Germany,  the  Berlin  Gas  Company,  asked  in  1900,  IG 
pfennigs  for  a  cubic  metre  of  gas  for  lighting  purposes,  while  the 
charge  for  industrial  purposes  was  only  10  pfennigs,  or  a  difference 
of  37^.  The  Berlin  Gas  Go.  for  the  above-mentioned  reasons 
decided  to  drop  this  two-rate  tariff'  and  replace  it  by  a  unit  price 
of  12  pfennigs  regardless  of  the  purpose  for  Avhich  the  gas  was 
used.  This  unit  price  was  introduced  April  1,  1901.  The  price 
of  industrial  gas  was  thus  raised  from  that  date  by  2  pfennigs  or 
20^,  whereas  the  price  of  gas  for  lighting  was  decreased  by  4  pfen- 
nigs or  25;^.  The  gas  people  thought  this  at  first  a  very  risky  opera- 
tion, and  they  calculated  that  in  the  first  year  there  would  be  a 
falling  out  in  the  receipts  of  the  company  to  the  amount  of  about 
3,000,000  marks.  These  fears  however  proved  unfounded,  as 
it  was  soon  seen  that  there  was  no  decrease  in  the  receipts  or  in 
consumption.  On  the  contrary,  the  second  year  after  the  introduc- 
tion of  the  unit  price,  the  former  regular  yearly  increase  in  gas 
consumption,  which  amounted  to  G.24,  went  up  to  9.7;^  for  the 
central  part  of  Berlin,  Avhile  for  the  suburban  districts  it  reached 
15.2??.  Such  glaring  facts  should  indicate  the  path  which  electric 
central  stations  should  follow,  and  should  tend  to  put  an  end,  on 
the  one  hand,  to  the  irrational  practice  in  lowering  beyond  bounds 
the  price  for  power  current,  and  on  the  other  hand,  lead  to  a  lower 
unit  price  for  lighting  current,  tlius  increasing  the  receipts  and 
profits  of  electrical  stations. 

While  at  present  there  exists  a  tendency  on  the  part  of  the  gas 
companies  to  give  up  the  old  two-rate  system  and  come  back  to  a 
single  unit  price  or  tariff,  we  find  that  in  the  most  cases  the  tend- 
ency of  electrical  managers  is  on  the  contrary  and  most  un- 
fortunately toward  granting  the  broadest  concessions  for  ])owor 
current,  notwithstanding  the  wide  gap  already  existing  between 
lighting  and  power  prices.  Nevertheless  the  lowering  of  rates  for 
power  current  seems  apparently  to  have  been  attendc*d  with  gratify- 
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ing  results.  In  Berlin,  for  instance,  from  1902  to  1903  there  was  a 
diminution  in  the  number  of  gas  motors  amounting  to  87,  aggregat- 
ing 313  H.  P.  In  j\Iunich  during  tlie  same  year  the  decrease  in 
the  consumption  of  power  gas  amounted  to  18.GS,<^  under  the  pre- 
ceding year,  while  the  decrease  in  the  number  of  gas  motors 
amounted  to  34,  representing  157  H.  P.  In  Berne  during  the  same 
year  the  decrease  in  motor  gas  amounted  to  35.6,'?!. 

There  were,  however,  other  gas  companies  —  for  example,  those  in 
Cologne,  Kaiserslautern  and  Bonn  —  which,  notwithstanding  sharp 
competition  of  electric  motors,  showed  an  increase  in  the  consump- 
tion of  power  gas  as  well  in  the  number  of  gas  motors.  As  a 
striking  example,  the  gas  company  in  Cologne  increased  the  num- 
ber of  gas  motors  from  675,  representing  3,382  H.  P.,  to  712,  aggre- 
gating 3,482  H.  P.  It  is  most  remarkable  to  note  that  this  increase 
took  place  only  in  motors  of  small  capacity,  fro?Ti  3  to  5  H.  P.,  so 
one  could  assume  that  the  competition  of  gas  against  electric  motors 
might  only  be  feared  from  engines  of  larger  capacity,  say  from 
10  to  50  H.  P.  The  falling  off  of  gas  motors  in  Munich  was  caused 
by  the  high  price  paid  there  for  power  gas,  which  cost  17.5  pfennigs 
per  cubic  metre  with  no  discounts  allowed,  while  the  kilowatt-hour 
for  electrical  energy  cost  20  pfennigs  only,  on  which  low  price  there 
was  besides  a  discount  varying  according  to  the  quantity  and  the 
time  at  which  current  is  taken.  It  was  therefore  the  high  price  of 
gas  that  caused  the  decrease  in  Munich,  where  the  hp-hour  devel- 
oped by  gas  motors  cost  77.68  pfennigs,  while  that  for  electric 
motors  was  only  62.49  pfennigs.  In  Berlin  the  decrease  in  gas 
motors  is  not  due  entirely  to  an  increased  demand  for  electric 
motors  of  small  dimensions  up  to  6  H.  P.,  but  to  the  fact  that  new 
competition  has  arisen  in  the  form  of  Dowson  gas,  petroleum  and 
benzine  motors  and  the  like. 

The  set-back  of  the  gas  motor  has  not  been  due  to  the  fact  that 
electric  motor  service  is  somewhat  cheaper  than  other  forms  of 
power.  Good  coal  gas  motors  of  small  dimensions  require  about 
575  litres  of  gas  per  hp-hour,  while  larger  engine?  consume  only 
500  litres.  Taking  therefore  the  Berlin  unit  price  of  coal  gas  at 
12  pfennigs  per  cubic  metre,  we  can  obtain  a  hp-hour  from  gas 
engines  at  6.9  pfennigs ;  if  the  electric  motor  were  to  compete  with 
the  gas  motor  upon  the  basis  of  equivalent  cost,  it  would  be  neces- 
sary for  the  Berlin  Central  Station  to  decrease  its  rate  per  kw-hour 
to  8.4  pfennigs,  the  present  price  for  motor  current  being  16  pfen- 
nio-s,  .which  approaches  the  lowest  allowable  limit;  and  this  ex- 
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tremely  low  price  is  just  about  double  what  is  necessary  to  compete 
against  the  gas  motor  rate. 

If  there  is  an  increasing  demand  for  electric  motors  notwith- 
standing the  fact  that  this  form  of  energy  costs  double,  and  in 
many  cases  much  more  than  double  the  cost  of  other  forms 
of  energy,  it  will  be  found  that  the  reason  lies  principally  in  the 
specific  advantages  the  electric  motor  possesses,  such  as  simplicity 
of  service,  noiselessness,  cleanliness,  the  small  space  required,  etc. 
Where  the  daily  cost  of  energy  is  considered  the  main  factor,  the 
electric  motor  will  be  kept  out  by  the  gas  engine,  and  this  latter 
in  turn  by  generator  gas  or  the  benzine  motor.  On  the  other 
hand,  where  space  and  the  admirable  flexibility  of  the  system  are 
the  principal  considerations,  and  the  daily  cost  of  energy  is  but 
a  secondary  factor,  the  electric  motor  will  always  hold  its  posi- 
tion, even  when  the  cost  is  considerably  higher  than  it  now  is  in 
general. 

If  we  desire  therefore  to  standardize  our  tariffs  for  current,  we 
must  above  all  stop  at  opposition  tariffs  against  gas.  If  the  elec- 
tric light  and  motor  cannot  maintain  their  position  through  the 
many  advantages  they  both  possess,  they  surely  cannot  prevail  in 
competition  with  gas  companies.  For  the  present,  at  least,  it  is 
extremely  difficult  to  compete  against  the  gas  motor  or  Auer-Wels- 
bach  mantle  in  cheapness.  Our  stronghold  is  in  the  many  specific 
advantages  that  the  electrical  form  of  energy  possess.  These  ad- 
vantages make  it  therefore  wholly  unnecessary  to  jeopardize  the 
incomes  of  electric  light  and  power  companies  tlirough  indulging 
in  extravagant  decreases  in  the  price  for  power  current. 

It  cannot  be  disputed  that  at  the  beginning  it  was  necessary  for 
electrical  central  stations  to  offer  certain  inducements  in  the  form 
of  cheap  or  reduced  rates  for  power  current,  in  order  to  effect  a 
popular  introduction  of  the  electric  motor  and  make  its  advantages 
known.  It  was  also  the  fashion  at  the  time  to  patronize  the  devel- 
opment of  home  and  small  industries,  and  central  stations  in  grant- 
ing a  cheap  power  current  rate,  assisted  in  a  certain  sense  in  the 
solution  of  a  problem  in  social  economy.  It  was  also  thought  that 
cheap  motor  current  would  be  the  means  of  introducing  electricity 
among  the  poorer  classes,  where  in  the  form  of  light  it  would  never 
have  had  a  chance.  Notwithstanding  all  these  facts,  it  was  never 
necessary  to  make  such  a  huge  difference  between  the  price  of  light 
and  power  current  as  is  shown  in  the  following  table,  which  gives 
the  unit  prices  per  kw-hour  of  fifty  central  stations. 
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Unit  Prices  of  Electrical  Energy  in  Pfennigs. 

For  light.     For  power. 

Berlin 55  IG 

Vienna  (Internationale)    66  40 

Mexico    80  24 

Frankfort,  a.  M 60  20 

Hamburg    60  20 

Munich 60  20 

Strassburg,  i.  E 50  20 

Copenhagen    56  17 

Mannheim    60  20 

Budapest    ^6  40 

Stuttgart    60  20 

Nurnberg  70  20 

Dresden    60  25 

Dortmund    40  20 

Stockholm    56  23 

Christiania   56  22 

Cologne 70  25 

Hannover   60  20 

Magdeburg 60  20 

Leipzig   70  20 

Dusseldorf    70  20 

Breslau   68  20 

Plauen,  i.  Y 70  20 

Stettin    60  40 

Deuben   40  14 

Ziirich 64  24 

Mahr.  Ostrau 54  23 

Bremen 73  24 

Wiesbaden 70  15 

Elberfeld    60  20 

Aix-la-Chapelle  70  18 

Eotterdam    60  43 

Pforzheim 70  25 

Bitterfeld  60  16 

Briihl    50  18 

Pirmasens 60  25 

Barmen 63  25 

Heilbronn 60  20 
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For  liglit.     For  power. 
Danzig   60  30 

Darmstadt 70  25 

Miihlhausen,  i.  E TO  29 

Brunswick    60  20 

Gablonz    48  27 

Cass^l    70  25 

Esslingen   60  20 

Neusalza 60  20 

Flensburg    60  IS 

Zwickau    60  20 

Eonsdorf 45  20 

Homburg    80  20 

We  see  from  the  above  table  that  the  normal  unit  price  for 
power  current  is  about  three  times  cheaper  than  that  for  light. 
Even  here  the  matter  does  not  rest,  for  upon  these  low  rates  of 
power  current  there  is  still  a  discount  allowed,  which  makes  the 
norm.al  unit  price  for  light  in  many  cases  five  times  higher  than 
for  power. 

There  is  a  certain  number  of  central  stations  which,  although 
having  a  separate  tarifE  for  light  and  power,  allow  no  discount 
upon  power  current,  because  they  are  of  the  opinion  that  with 
the  low  unit  rate  at  which  they  sell  the  latter,  they  have  reached 
the  extreme  limit.  Such  central  stations  have  thus  carried  out,  in 
a  certain  sense,  the  idea  of  a  unit  rate  for  energy  —  when  only  for 
power  —  yet  within  the  limits  of  this  unit  rate  the  consumer  is 
allowed  to  take  whatever  he  requires  and  is  neither  restricted 
to  the  amount  nor  to  the  time  of  consumption.  That  formerly 
gas  companies  with  their  double  tariff  did  not  restrict  customers 
to  use  power  gas  only  in  certain  hours  of  the  day  or  night,  is 
easily  explained  by  the  fact  that  gas  companies  generally  have 
a  constant  production  at  all  hours  of  the  day,  while  the  delivery 
of  gas  is  effected  through  the  splendid  storage  system  they  possess. 
This,  however,  is  by  no  means  the  case  with  electric  companies, 
and  when  they  fixed  a  threefold  cheaper  rate  for  power  current 
than  for  light,  while  at  the  same  time  putting  no  restrictions 
or  conditions  as  to  the  time  when  such  power  should  be  taken, 
they  failed  to  recognize  the  logical  situation.  Central  stations 
have   always   regarded   the   sale   of   current   for   power  purposes 
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as  a  welcome  opportunity  through  enabling  them  to  utilize  a  part 
of  their  idle  plant  during  the  day;  but  they  soon  found  out  to  their 
dismay  that  a  motor  load  also  exists  during  the  period  of  great- 
est consumption,  and  thus  tends  to  sharpen  the  peak  of  the  load 
curve  considerably.  This  nuisance  is  still  more  pronounced  with 
stations  allowing  a  liberal  discount  upon  the  existing  low  rate 
for  power  current.  Taking  for  example,  in  the  best  case,  a  motor 
that  runs  yearly  about  3,000  hours,  we  find  that  many  stations 
allow  in  such  case  a  discount  ranging  from  35  to  40^,  which  when 
taken  from  a  unit  price  of  20  pfennigs  per  kw-hour,  brings  the 
power  current  price  down  to  13  or  13  pfennigs.  The  power  con- 
sumer thus  has  with  such  a  low  price  unrestricted  privilege  to  take 
as  much,  current  as  he  needs,  and  at  any  time  he  pleases  —  that  is, 
also  during  the  period  of  highest  consumption  —  thereby  causing 
heavy  installation  investments  without  obtaining  the  equivalent 
returns  that  such  investments  should  bring. 

If  the  demand  for  power  in  general  were  such  that  each  motor 
would  show  at  least  an  annual  service  of  3,000  hours,  it  might  still 
be  desirable  to  retain  the  low  rate,  because  a  certain  part  of  the 
plant  in  central  stations  could  be  in  service  all  the  year  for  10  hours 
a  day,  thereby  giving  a  prospect  of  obtaining  u  half-way  decent 
return  upon  such  investments.  But  in  the  development  of  power 
delivery  it  has  been  proven  that  although  there  is  an  increase 
in  the  number  of  electric  motors  connected,  there  is  also  a  decrease 
in  the  average  time  in  which  such  motors  are  in  service. 

The  fact  that  power  users  have  obtained  such  very  low  rates, 
and  with  no  conditions  imposed  upon  them  as  regards  time  of 
service,  has  encouraged  them  to  go  further  and  to  demand  the 
same  rates  for  light  as  they  have  for  power.  The  argument  that 
they  bring  forward  is  that  the  light  they  use  and  need  is  likewise 
necessary  in  their  work,  and  thus  it  is  also  for  ''  industrial "  pur- 
poses —  which  statement  it  must  be  admitted  sounds  logical. 

If  it  is  possible  for  central  stations  to  deliver  power  current 
at  a  low  rate  during  all  hours  of  the  day  without  any  restriction, 
why  should  not  this  current  also  be  used  for  lighting  purposes? 
Tlie  consumer  will  and  can  never  understand  why  he  should  pay 
more  for  the  one  and  same  kind  of  energy  when  it  is  used  in  the 
iorm  of  light  and  taken  at  the  same  time  when  he  takes  his  power. 
A  precedent  to  such  demands  has  already  been  set  by  gas  com- 
panies, who  permit  customers  consuming  "industrial"  gas,  to  use 
a  certain  limited  number  of  lights  taken  from  the  same  meter  which 
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supplied  the  gas  for  industrial  purposes.  Sucli  favors  were  not 
only  given  to  customers  for  power  gas,  but  also  to  those  who  used 
gas  for  heating  purposes.  For  example,  customers  using  gas  for 
cooking,  were  allowed  a  burner  in  the  kitchen  and  one  in  the  hall; 
and  those  using  gas  for  heating  the  bathroom  stove  were  allowed  one 
burner  for  the  room.  Gas  companies  can  easily  grant  such  favors, 
for  the  price  they  ask  for  industrial  gas  is  high,  but  electrical  cen- 
tral stations  are  thereby  forced  to  accommodate  themselves  to  this 
custom  also,  in  order  to  compete  with  gas  effectually,  and  they 
too  have  permitted  their  power  customers  to  connect  a  limited 
number  of  lamps  on  their  power  circuits.  Various  central  stations 
have  tried  to  induce  power  consumers  using  the  current  for  a 
few  hours  only  in  the  day,  to  concentrate  their  service  during  the 
daylight  hours,  and  abstain  from  using  cui-rent  during  the  evening 
period  of  highest  consun^ption.  This  plan  has  in  many  cases  been 
attended  with  good  results,  but  the  reverse  in  other  cases  simply 
because  power  consumers  flatly  declare  they  cannot  accept  a  propo- 
sition in  which  their  time  of  service  is  restricted,  as  the  time  of 
their  employees  is  from  morning  until  evening,  and  that  they 
must  pay  them  for  this  time,  and  are  thus  comipelled  to  operate 
in  the  evening.  In  such  cases  it  was  found  that  many  customers 
whose  time  of  power  service  was  of  short  duration,  generally  con- 
sumed power  only  in  the  evening  hours.  The  preparation  of  the 
work  for  the  motor  was  during  the  day  as  long  as  there  was  light, 
and  then  given  over  to  motors  in  the  evening  to  finish.  It  is  evi- 
dent that  the  more  such  a  class  of  customers  increases,  the  more 
burdensome  they  become  to  central  stations. 

Central  stations  could,  however,  obviate  such  unfavorable  cases 
as  have  just  been  mentioned,  by  introducing  a  "  double-tariff  meter  " 
whereby  the  current  taken  during  the  period  of  greatest  consump- 
tion, say  from  4  until  8  in  the  evening,  is  charged  at  a  maximum 
unit  rate,  while  that  taken  during  the  other  period  of  the  day 
is  charged  at  a  much  lower  rate.  Such  a  double-tariff  system  how- 
ever can  only  be  effectual  ivJien  there  is  a  great  difference  between 
the  maximum  and  cheaper  rate.  If  this  maximum  price  for  the 
evening  hours  is  set  at  a  high  figure,  there  is  no  doubt  that  power 
consumers  will  be  alarmed,  and  perhaps  feel  inclined  to  restrict  or 
diminish  their  power  consumption  in  the  evening  as  much  as  pos- 
sible. If,  on  the  other  hand,  this  maximum  motor  current  price  is 
only  20  pfennigs,  as  up  to  the  present,  power  consumers  see  no 
necessity  of  putting  a  special  restriction  on  theijiselves  as  to  the 
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time  of  consumption;  and  considering  tlie  short  time  they  require 
power,  a  difference  of  a  few  pfennigs  per  kw-hour  is  of  little  ac- 
count to  them.  Thus  in  order  to  obtain  the  desired  results  with  a 
double-tariff  system,  it  is  necessary  to  establish  tlie  basic  price  for 
power  current  during  the  evening  hours  at  as  high  a  figure  as 
possible;  in  other  words,  power  current  must  be  raised  in  price. 
Such  an  increase  in  price  will  thus  tend  to  lead  to  the  ideal  of  all 
tariffs  —  to  a  unit  basic  force,  abolishing  thereby  the  difference  that 
exists  between  light  and  power  current. 

The  advantages  to  be  derived  from  such  a  unit  price  are  con- 
siderable. It  dispenses  with  the  necessity  of  separate  circuits,  sepa- 
rate meters  and  meter  rents,  different  bill?  for  light  and  power; 
the  investments  decrease  while  the  administration  becomes  sim- 
plified. A  double-tariff  meter  is  just  as  expensive,  and  more  com- 
plicated than  two  separate  meters,  while  there  remains  the  double 
billing  and  intricate  management ;  the  meter  rent  must  accordingly 
be  raised  on  account  of  the  higher  price  of  double-tariff  meters. 
Should  it  be  desired  to  introduce  a  double-tariff  simply  for  power 
current,  in  order  to  ward  off  short-time  consumers  from  the  heavy 
load  period,  it  will  be  logical  and  necessarj'  to  establish  also  a 
double  tariff  for  light,  because  the  time  and  duration  in  which  light 
is  employed  is  also  an  important  factor.  This  would  still  involve 
more  complications  and  instead  of  two  readings  of  the  meter  and 
two  bills,  there  would  be  required  four.  Therefore,  if  it  is  con- 
sidered desirable  to  introduce  a  double  tariff,  there  remains  but 
one  thing  to  do,  and  that  is,  to  establish  a  unit  rate  for  light  and 
power,  with  only  this  difference,  that  the  unit  rate  be  divided  into 
two  classes  or  steps,  according  to  the  time  in  which  the  energy 
is  consumed.  It  is  natural  that  the  upper  portion  of  such  a  doiible- 
tariff  unit  should  be  pretty  high  in  comparison  with  the  other  or 
lower  portion.  The  consequence  of  such  a  tariff  system  would  natu- 
rally be  to  raise  the  original  very  low  price  for  power  current  — 
at  least  in  the  evening  hours  —  and  finally  also  raise  the  motor 
price.  Such  increases  in  motor  current  rates  have  already  been 
introduced  in  a  limited  manner  in  some  of  the  latest  current  tariffs. 
For  example  in  Freiburg.  Bohemia,  current  for  elevators,  lifts,  i? 
charged  on  a  double-tariff  basis  of  60  and  20  pfennigs,  while  cur- 
rent for  light  is  reckoned  according  to  a  unit  rate.  In  Bonn,  Ger- 
many, a  double-tariff  system  has  been  introduced  for  electric  motors 
only,  and  also  on  a  basis  of  60  and  20  pfennigs,  while  for  lighting 
purposes  the  double  tariff  is  not  used.     The  Oberlausitz  central 
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station  charges  for  power  current  at  20  pfennigs;  should,  however, 
consumers  use  less  current  than  an  equivalent  of  500  hours  yearl}', 
the  rates  go  up  then  to  23,  25,  30  and  to  35  pfennigs,  according 
to  the  number  of  hours'  use  in  a  j'ear.  In  Elberfeld.  a  double-tariif 
system  has  been  introduced  both  for  power  and  Jight,  and  motors 
pay  in  the  evening  hours  55  pfennigs  per  kw-hour  instead  of  20, 
which  is  the  day  rate.  It  may  be  mentioned  that  an  exception  is 
made  in  the  case  of  motor  customers  who  guarantee  a  use  of  200 
hours  in  a  month;  such  customers  pay  the  regular  rate  of  20  pfen- 
nigs also  for  the  evening  hours.  In  Diiren  the  double-tariff  systera 
is  also  used  for  light  and  power,  but  is  not  compulsory;  power 
consumers  who  can  restrict  their  time  of  service,  so  that  they 
require  very  little  or  no  current  at  all  during  the  evening  hours, 
have  a  double-tariff  meter  and  are  charged  on  the  GO  and  20  pfennig 
basis  per  kw-hour.  In  Halle  a.  S.  there  exists  a  mixed  system  of 
charging,  and  power  consumers  who  will  not  restrict  their  time 
of  service,  are  charged  per  year  at  60  pfennig  per  kw-hour  for  the 
first  300  kw-hours,  and  the  remainder  is  charged  at  a  rate  of  5  pfen- 
nigs per  kw-hour.  Power  consumers,  however,  who  restrict  their 
time  of  service  from  8  o'clock  in  the  morning  until  4  in  the  after- 
noon are  charged  only  20  pfennigs  for  the  first  300  kw-hours,  and 
for  any  excess,  10  pfennigs  per  kw-hour.  In  Stuttgart,  however, 
motor  current  is  charged  for  at  40  pfennigs  }.er  kw-hour  from 
5  to  7  o'clock  in  the  evening,  whereas  current  consumed  during  the 
other  hours  of  the  day  is  charged  for  at  20  pfennigs  per  kw-hour. 
In  Bremen  only  such  power  consumers  have  a  double-tariff  meter 
who  use  at  least  10,000  kw-hours  per  year.  In  Wiesbaden,  elevators 
are  subjected  to  a  special  tax  of  2  marks  per  kw-hour  per  month. 
In  Cologne,  there  is  a  unit  tariff  for  power  and  light,  which  in  the 
evening  hours  is  50  pfennigs  and  during  the  rest  of  the  day  20  pfen- 
nigs. In  Berlin,  elevators  are  subjected  to  a  special  tax  of  25 
marks  per  kilowatt  and  year,  in  addition  to  the  usual  current  rate. 
If,  therefore,  Ave  wish  to  encourage  a  slow  and  just  increase  in 
the  price  of  power  current,  we  must  ask  ourselves,  "\Aniat  effect 
will  such  a  measure  have  on  the  development  of  motor  service? 
We  know  from  experience  that  there  is  nothing  to  fear  from  a 
retrogression  in  this  respect.  It  is  also  evident  that  all  intermittent 
jtower  customers  who  have  a  small  yearly  consumption,  will  hardly 
change  over  to  some  other  form  of  energy,  even  when  the  price 
for  power  current  is  considerably  raised  or  even  doubled.  ?^either 
will  there  be  a  decrease  in  such  a  case  in  the  number  of  new  appli- 
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cations  of  customers  of  this  kind.  The  advantages  of  the  electric 
motor  are  so  well  known,  and  they  can  scarcely  be  dispensed  with 
nowadays,  even  if  the  cost  of  service  is  increased.  One  of  the  most 
formidable  competitors,  the  generator  gas  motor  with  its  cheap 
service,  has  not  only  made  no  advance  against  the  electric  motor, 
but  has  shoM'n  that  it  is  not  even  a  competitor  of  the  ordinary  gas- 
motor.  We  find  some  very  instructive  matter  in  this  connection 
in  the  1903  annual  report  of  one  of  the  largest  gas  companies  in 
Germany,  the  German  Continental  Gas  Co.,  where  it  is  stated 
"  that  up  to  the  present  the  generator  gas  motor  with  its  economy 
in  fuel  has  effected  no  decrease  in  the  consumption  of  coal  gas 
for  motors,  but  just  the  contrary,  as  there  has  been  a  steady  in- 
crease in  the  latter  motors,  which  proves  conclusively,  that  simple 
economy  in  fuel-consumption  in  a  motor  is  not  the  main  factor. 
Generator  gas  plants  are  expensive,  they  take  up  m.ore  space  than 
a  coal  gas  motor,  while  their  service  is  more  complicated;  such 
facts  play  in  many  cases  an  important  part  when  considering  the 
pros  and  cons.  Then  again,  in  an  intermittent  service,  the  coal- 
gas  motor  is  always  ready  for  action,  and  there  is  no  fuel  consump- 
tion when  at  rest,  which  is  an  important  advantage.  We  can  thus 
calmly  rest  assured,  that  the  generator  gas  motor  will  offer  no 
serious  competition,  even  if  in  the  future,  especially  for  motors 
of  large  dimensions,  it  should  be  improved  considerably.  The  many 
special  advantages  that  exist  in  the  coal-gas  motor  service  are 
such,  that  they  will  always  assert  and  vindicate  themselves."  .  .  . 
By  substituting  the  words  electric  motor  instead  of  coal-gas  motor 
in  the  above  citation,  we  do  not  alter  the  bearing  of  the  facts  stated. 
The  price  of  power  current  for  intermittent  service  can  thus  be 
safely  and  considerably  raised,  while  in  creating  a  unit  price  for 
light  and  power  there  is  also  room  for  a  discount  for  continuous 
motor  service.  This  discount  can  go  so  far  as  to  fix  the  cost  of 
continuous  motor  service  about  on  a  level  with  that  of  power  cur- 
rent as  it  is  at  present.  It  is  known  that  the  yearly  average  time 
of  service  of  a  connected  kilowatt  varies  between  300  to  400  hours. 
However,  a  continuous  motor  service  shows  a  yearly  consumption 
of  about  3000  hours,  for  which  a  discount  of  35  to  40^  is  gen- 
erally allowed.  Thus,  if  the  new  unit  price  for  electrical  energy 
were  fixed  at  45  pfennigs  instead  of  the  average  60  now  usual, 
and  discounts  were  allowed  ranging  from  50  to  60,^  to  con- 
sumers whose  time  of  service  approximate  3,000  hours  yearly,  we 
shall  find  that  such  discounts  will  be  considered  equitable  as  re- 
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gards  time  of  service,  and  the  former  clieap  power  rate  will  then 
be  accorded  to  those  that  really  deserve  it. 

It  is  evident  that  the  introduction  of  a  imit  price  for  electrical 
energy  can  only  be  accomplished  by  first  decreasing  the  price 
of  current  for  light.  Gradual  diminution  in  the  price  for  light 
current  has  already,  and  repeatedly,  been  made  by  central  stations, 
and  has  always  produced  good  financial  results.  Wliere  the  electric 
motor  need  not  fear  the  competition  of  gas  companies  in  this 
respect,  we  are  placed  in  a  totally  different  situation  with  regard 
to  light.  The  phenomenal  success  and  introduction  of  the  Auer- 
Welsbach  mantle,  together  with  the  decrease  in  the  price  of  gas, 
has  retarded  the  advance  of  the  electric  light  considerably.  A 
standard  Auer-Welsbach  mantle  giving  at  the  beginning  90  to  100 
Hefner  units,  and  having  an  average  intensity  of  about  80  Hefner 
units,  consumes  at  a  gas  pressure  of  35  mm  per  Hefner  unit, 
mean  horizontal  intensity,  through  an  average  of  500  hours,  1.5 
litres  of  gas.  The  price  of  gas  being  12  pfennigs  per  cubic  metre, 
the  cost  of  a  Hefner  unit  is  brought  down  to  0.018  pfennig.  Taking 
a  standard  glow  lamp  having  an  economy  of  aoout  3  watts  per 
Hefner  unit,  we  find  it  would  be  necessary  to  deliver  electrical 
energy  at  6  pfennigs  per  kw-hour  if  the  incandescent  lamp  were 
to  compete  with  gas  in  cheapness.  Current  for  lighting  at  the 
present  costs  about  55  to  60  pfennigs  per  kw-hour,  from  which  we 
see  that  there  exists  a  tenfold  difference  in  price  between  the  two 
kinds  of  lighting.  Although  central  stations  allow  a  discount  on 
current  for  light  that  varies  from  40  to  50;^  to  consumers  who 
have  an  unusual  long-hour  service,  there  is  still  in  such  a  case  a 
difference  of  1:5.  On  account  of  the  specific  advantages  that  the 
electric  light  possess,  it  has  obtained  in  many  fields  a  hold  that  can- 
not be  shakened  by  any  cheap  kind  of  competition.  But  the  problem 
for  us  to  solve  is  to  make  the  incandescent  lamp  capable  of  com- 
petition in  all  fields,  and  this  can  only  he  effected  through  a  proper 
decrease  in  the  price  of  electrical  energy. 

Discussion. 

Chairman  Lieb:  We  have  before  us  for  discussion  a  subject  which  is 
of  interest  to  all  station  managers,  of  whom  we  have  so  many  here  this 
morning.  It  is  difficult  enough  to  discuss  this  subject  in  any  of  the 
meetings  of  our  merely  national  or  local  bodies;  and  when,  as  is  the  case 
here  this  morning,  we  have  representatives  from  abroad,  where  all  con- 
ditions  of    service,   of   competition    and   of   local    distribution   are    repre- 
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sented,  that  matter  becomes  doubly  difficult.  In  order  properly  to  dis- 
cuss this  subject,  therefore,  we  should  have  ten  times  as  much  time  a^  is 
available  this  morning.  We  wish  to  give  every  one  an  opportunity  to  be 
heard,  and,  therefore,  I  will  ask  that  the  gentlemen  who  wish  to  be  heard 
be  as  brief  as  possible. 

Mr.  L.  A.  Ferguson:  I  would  like  to  ask  one  question.  On  the 
eleventh  page  of  Mr.  De  Fodor's  paper  there  must  be  a  mistake;  in  the 
last  line  of  the  first  paragraph  on  that  page  it  says  "  In  Berlin  elevators 
are  subjected  to  a  special  tax  of  25  marks  per  kw-hour  a  year,  in  addition 
to  the  usual  current  rate."     That  must  be  kw  rather  than  kw-hours. 

Mr.  RoBEBT  Hammond:  I  should  think  it  is  kw;  it  is  undoubtedly 
that. 

Chairman  Lieb:  This  raises  a  question  which  we  will  try  as  far  as 
practicable  to  cover  in  our  future  meetings  by  having  on  the  table  the 
original  manuscript  of  each  paper.     It  must  be  kw. 

Are  there  any  other  remarks  either  on  Mr.  Wright's  paper,  or  Mr.  De 
Fodor's  paper.  We  have  some  representatives  from  gas  corporations  with 
us,  w'ho  are  operating  jointly  gas  and  electricity  supply  companies,  and 
perhaps  they  will  be  kind  enough  to  contribute  something  toward  the 
discussion. 

Mr.  Paul  Doty:  I  did  not  intend  to  take  part  in  this  discussion,  but 
I  am  appreciative  of  the  invitation  of  the  Chairman,  and  being  at  the 
present  time  a  manager  of  a  combined  gas  and  electric  light  and  power 
property,  I  am  naturally  much  interested  in  the  papers  presented. 

The  subject  of  rates  is  one  which  has  come  prominently  before  the 
various  gas  and  electric  light  associations  of  this  country  in  late  years, 
and  the  American  practice  is  generally  a  matter  of  record.  It  is  of  interest 
to  note  that  the  rate  problem  is  in  the  minds  of  the  foreign  managers, 
and  evidently  is  of  as  much  importance  to  them  as  it  is  to  us.  It  is  a 
pleasure,  therefore,  to  listen  to  the  paper  written  by  Mr.  Wright,  whose 
name  is  so  familiar  to  American  engineers  and  managers,  and  also  to  the 
paper  by  Mr.  De  Fodor,  on  rates  for  electric  supply.  I  will  not  attempt 
a  discussion  in  detail  of  the  subject,  but  I  am  impressed  that  a  study  of 
Mr.  De  Fodor's  paper  will  reveal  much  that  is  of  interest  and  value  to  a 
gas  manager.  Gas  managers  generally  have  advocated  and  practiced  for 
years  the  system  of  charging  a  uniform  price  for  uniform  quantities  of 
gas,  and  there  is  much  information  in  Mr.  De  Fodor's  paper  that  bears 
on  the  practice  applied  to  electric  rates. 

There  are  a  number  of  systems  of  charging  for  electric  current  in  vogue 
in  America,  and.  one  which  is  quite  prominent  is  based  on  the  idea  that  the 
electric  business  should  be  considered  in  part  as  an  investment  business; 
further  that  there  are  certain  expenses  incident  to  the  consumer  which 
should  be  covered  by  a  direct  charge  to  the  consumer;  and  further  a 
charge  for  the  current  based  directly  on  the  quantity  supplied.  It  is 
realized  that  the  manufacturing  cost  of  the  current  supplied  is  relatively 
small,  and  I  believe  it  to  be  desirable  to  make  our  rates  so  that  the 
charge  to  our  consumers  for  current  supplied  will  more  nearly  approach 
manufacturing  costs,  and  thus  remove  much  of  the  suspicion  of  large 
Vol.  11  —  33 
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profits  in  the  electrical  business,  which  suspicion  may  come  if  a  price  is 
made  per  kw-hr,  which  includes  interest,  profit  and  a  consumer's  charge. 
It  is  our  business  as  managers  to  encourage  the  largest  possible  use  of 
current  to  bring  about  maximum  net  earnings,  and  it  is  believed  the 
profitable  long-hour  consumer  can  be  best  obtained  and  retained  by  a  low 
rate  for  current. 

As  a  matter  of  information  and  comparison,  I  desire  to  add  to  the 
statement  at  the  bottom  of  page  501  in  Mr.  De  Fodor's  paper.  Mr.  De 
Fodor  writes  "  the  gas  companies  have  understood  and  succeeded  in  finding 
new  and  profitable  markets  for  their  products  is  proven  by  the  fact  that 
the  quantity  of  gas  consumed  for  so-called  'industrial'  pui-poses, —  that 
is,  for  power  and  heating  —  is  a  relatively  large  percentage  of  the  total 
amount  generated,"  and  reference  is  made  to  the  percentages  shown  in 
the  foreign  countries,  varying  from  34  to  46  per  cent.  In  American 
practice  it  is  no  uncommon  result  to  sell  50  per  cent  of  the  total  out- 
put of  gas  for  industrial  purposes,  and  it  w^as  my  good  fortune  while 
manager  of  the  Detroit  City  Gas  Company  to  reach  results  where  70 
per  cent  of  the  total  output  of  gas  was  sold  for  industrial  purposes,  that 
is  including  gas  used  for  cooking  and  heating  with  the  gas  used  for 
power.  Apparently  American  gas  managers  are  making  greater  use  of 
their  opportunities  for  increasing  the  output  of  industrial  gas  than  are 
their  foreign  brother  managers. 

Mr.  F.  E.  Grippek:  Tliis  is  a  large  question,  and  I  should  like  to 
throw  out  the  suggestion  as  to  whether  the  writer  of  the  paper  has  not 
reversed  the  subject.  My  idea  is  that  it  is  possible  to  get  down  to  the 
single  unit,  but  I  throw  out  the  suggestion  that  the  right  of  way  to  do 
it  is  to  decrease  the  price  that  you  charge  for  the  power  supply  so 
that  the  amount  of  energy  supplied  for  power  would  increase  to  such  an 
extent  that  you  can  ignore  the  amount  used  for  lighting.  The  amount 
used  for  lighting  will  be  so  small  compared  with  the  total  output  that 
you  can  adopt  a  unit  and  throw  the  lighting  in  at  the  same  price  as 
the  cuiTent  for  power. 

Mr.  Abthub  Williams  :  It  occurs  to  me  to  suggest  that  there  is  a  ques- 
tion as  to  the  accuracy  of  the  statement  that  as  the  power  business  in- 
creases the  average  use  of  lighting  decreases.  I  do  not  know  where  that 
has  been  shown  in  practice,  but  theoretically  it  would  seem  to  me  to  be 
that  almost  the  contrary  would  be  true :  I  personally  look  upon  any 
high  unit  rate  for  electricity  as  meaning  a  high  peak,  and  any  low  rate  as 
meaning  a  broad  peak  or  the  absence  of  a  peak.  I  think  the  experience 
of  electric  light  as  well  as  gas  companies  has  been  in  keeping  with  the 
suggestion  of  the  author  of  the  paper,  that  as  the  rate  is  lowered,  the 
financial  conditions  of  the  supplying  company  are  improved.  I  think 
anything  which  tends  to  restrict  the  use  of  power  is  unfortunate.  The 
largest  cost  in  the  manufacture  of  electricity  is  labor.  It  is  true  that 
in  some  communities  the  use  of  power  has  been  confined  to  the  daylight 
hours,  but  that  has  made  it  necessary  to  upset  the  conditions  of  labor. 
I  think  it  much  better  to  advocate  the  advantages  of  electric  power  than 
to  establish    artificial   barriers  to  its  use.     Where   we   eliminate   the   use 
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of  power  from  the  darker  hours  of  the  day  we  eliminate  also  the  use  of 
light.  I  think  that  Me  all  recognize  that  the  difference  between  the  power 
rates  and  the  lighting  rates  is  not  largely  due  to  the  difference  in  the  load 
factor.  The  motive  behind  the  user  of  power  is  to  use  the  power  just  as 
long  as  he  can  get  work  out  of  his  plant;  whereas,  on  the  other  hand,  the 
use  of  light  is  only  occasioned  by  the  conditions  of  the  weather,  the  sea- 
son of  the  year,  or  local  conditions  prevailing  in  the  premises  of  the  user, 
which  controls  the  use  of  light.  There  is  also  an  amount  of  competition 
in  the  power  service  which  we  have  always  had  to  a  very  much  larger 
extent  than  in  the  illuminating  service  of  the  supplying  companies.  I 
think  the  average  use  of  power  in  this  countrj-,  knowing  little  of  what 
the  conditions  are  abroad,  are  three  hours  per  day,  per  unit  of  use.  On 
page  510  Mr.  De  Fodor  gives  two  rates  —  60  pfennigs  for  the  first  hour,  300 
hours  a  year,  which  I  take  to  mean  one  hour  a  day,  and  five  pfennigs  for 
any  increase  over  300  hours  per  year,  or  one  hoiir  a  day.  If  you  take 
three  hours,  if  that  be  the  average  in  Germany,  you  have  an  average  cost 
in  our  money  of  five  to  eight  cents  per  kw-hour,  which  is  not  far  from 
the  average  price  received  by  the  companies  here  under  the  same  conditions 
of  use. 

Col.  R.  E.  B.  Crompton:  In  support  of  what  ]\Ir.  Gripper  has  said, 
in  England  we  have  had  to  compete  with  gas  at  a  very  low  price  so  that 
in  order  to  tempt  custom  we  have  been  compelled  to  fix  a  low  rate  and 
give  back  large  discounts  to  customers  who  use  electrical  energy  for  long 
hours.  In  England  we  find  that  the  companies  which  supply  current  at 
the  lowest  prices  are  those  which  pay  the  best  dividends. 

Chairman  Lieb  :  It  may  be  of  interest  to  the  representatives  from  abroad 
to  state  that  the  American  electricity  supplj^  companies  are  not  confronted 
by  the  sharp  competition  of  the  gas  engine  with  the  electric  motor,  that  i* 
found  to  be  the  case  abroad.  In  many  of  our  large  cities  the  number  of  gas 
engines  is  on  the  decrease  rather  than  increase,  a  situation  quite  different 
from  that  abroad. 

Mr.  Arthur  Williams  :  May  I  ask  Mr.  Crompton  what  the  rates  are  for 
light  and  power  in  England? 

Col.  Crompton  :  It  differs  in  different  parts  of  the  country.  In  London, 
about  ten  cents  per  kw-hour  is  the  average  rate,  with  a  discount  for  long 
hours,  and  about  four  cents  per  kw-hour  for  power. 

Mr.  Robert  Hammond:  In  answering  the  question  of  Mr.  Williams 
I  may  say  that  one  district  in  London  we  charge  for  lighting  fourteen  cents 
for  the  equivalent  of  the  first  hour's  use  and  all  beyond  that  at  two  cents. 
We  thereby  get  the  principle  laid  down  in  this  paper,  of  having  a  time  rate, 
a  base  rate  or  time  rate,  in  which  every  one  can  participate  according  to 
their  hours  of  use.  It  is  fourteen  cents  for  the  first  hour  and  two  cents 
per  kw-hour  for  all  beyond. 

With  regard  to  power,  it  is  stated  by  Mr.  De  Fodor  that  the  power  peak 
coincides  with  the  lighting  peak.  We  find  that  is  not  so  in  actual  use. 
We  know  that  the  sun  goes  down  at  a  certain  hour  and  the  people  turn 
on  their  lights,  but  we  find  in  the  use  of  motors  that  the  peak  is  not  so 
decided.    We  recognize  that  in  the  district  of  London,  and  instead  of  charg- 
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ing  for  power  fourteen  cents,  as  for  the  first  hour  of  lighting,  we  charge 
eight  cents  for  the  first  hour  and  two  cents  for  all  beyond.  Mr.  Williams 
says  that  the  average  use  for  power  here  in  this  countiy  is  three  hours. 
We  find  that  the  average  for  power  use  in  London  is  much  more  than  three 
hours.  Our  load  factor  is  10  to  12  per  cent  load  factor  on  lighting,  which 
is  equivalent  to  two  and  one-half  to  two  and  three-quarter  hours  per 
night,  and  we  find  the  average  of  power  is  much  higher.  On  the  fourteen- 
cent  basis  the  average  price  for  two  hours  of  use  comes  down  to  eight 
cents  for  lighting;  three  hours,  six  cents;  four  hours,  five  cents;  and 
for  power,  with  eight  cents  for  the  first  hour  and  two  cents  beyond  the  first 
hour,  the  average  for  six  hours  is  three  cents. 

There  is  one  more  remark  I  will  make  on  this  paper.  I  find  the  author 
advances  the  idea  that  the  power  should  be  charged  at  the  lower  rate  and 
the  lighting  should  be  so  much  more.  I  think  he  overlooks  the  fact  that 
the  cost  of  production  of  electrical  energy  does  not  consist  in  coal  alone. 
There  is  no  gentleman  who  can  speak  more  strongly  on  this  point  than 
the  gentleman  in  the  chair  (Mr.  Lieb),  and  I  believe  he  will  agree  with 
me  that  the  heaviest  cost  in  the  production  of  electrical  energy  is  interest 
and  the  wear  and  tear  on  the  plant,  which  is  very  often  double  the  cost 
of  actual  daily  expenses.  Therefore,  it  seems  fitting  that  the  correct  charge 
must  be  one  which  loads  up  on  each  consumer  his  share  of  the  capital  part 
of  the  undertaking,  and  then  the  actual  running  charges  will  be  only  light 
ones. 

j\Ir.  L.  A.  Ferguson:  I  wish  to  endorse  what  Mr.  Hammond  has  to  say 
regarding  the  justification  of  the  difference  in  price  for  power  and  for  light- 
ing customers.  Our  American  practice  shows  that  the  peaks  of  lighting 
customers  are  coincident,  whereas  the  peaks  of  power  customers  are  not 
coincident.  Therefore,  the  average  load-factor  of  power  customers  is  better 
than  the  average  load-factor  of  lighting  customers.  It  will  be  seen,  there- 
fore, that  we  are  perfectly  justified  in  making  a  lower  rate  to  power  cus- 
tomers than  to  lighting  customers,  because  the  cost  of  supplying  energy 
to  customers  is  dependent  upon  the  load-factor  of  the  system.  The  better 
the  load-factor  of  the  system  the  lower  will  be  the  cost  of  production. 

Mr.  Philip  Torchio,  New  York :  In  the  supply  of  current  for  light  and 
power,  we  have  to  meet  two  diff"erent  conditions ;  one,  that  of  a  load  lasting 
practically  uniformly,  without  peak  for,  say,  ten  hours  a  day,  300  days 
in  the  year,  for  motor  service;  and  the  other,  a  lighting  load  which  has 
a  very  pronounced  peak  of  one,  two  or  three  hours  for  the  winter  months, 
and  varies  for  different  seasons  of  the  year,  being  largest  in  the  winter 
months  and  smallest  in  the  summer  months.  As  long  as  we  have  to  meet 
these  conditions,  it  will  be  necessary  to  differentiate  in  the  charges  for 
service. 

Mr.  J.  R.  Dick:  I  believe  there  have  been  no  criticisms,  so  far,  Mr. 
Chairman,  of  Mr.  Wright's  paper;  but  I  will  say  a  few  words  with  reference 
to  the  other  paper.  Mr.  De  Fodor  seems  to  be  under  the  impression  that 
by  obtaining  simplicity  of  tariff,  you  are  thereby  securing  the  best  develop- 
ment of  the  electrical  supply  business ;  but  I  am  not  of  that  opinion.  For 
instance,  take  the  case  of  a  man  who  is  manufacturing  two  or  three  articles, 
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if  he  were  content  to  lump  all  at  an  average  price,  he  would  be  in  the 
dark  as  to  which  article  he  makes  a  profit  on.  Commercial  analytical 
methods  are  for  the  purpose  of  determining  cost  and  fixing  prices  in  pro- 
portion to  cost,  and  in  this  way  it  is  possible  to  render  a  business  more 
profitable. 

With  regard  to  the  details  of  the  paper,  Mr.  De  Fodor  points  out  that 
."^mall  electric  motors  need  not  fear  competition  with  gas.  but  I  would  like  to 
emphasize  the  way  in  which  this  matter  had  to  be  tackled  in  various  cities 
in  England.  We  give  a  low  rate,  two  cents  per  kw-hour  for  power,  on 
the  condition  that  the  consumer  consents  to  have  his  supply  cut  off  during 
the  hours  of  peak  load,  in  the  winter  months,  the  hours  naturally  varying 
from  month  to  month.  This  system  is  widely  used  by  people  who  require 
power  and  wish  to  obtain  it  at  low  rates.  It  does  not  disorganize  their 
factories  to  utilize  power  in  the  winter  months  up  to  four  o'clock  only, 
as  they  can  arrange  their  manufacturing  processes  so  that  this  is  scarcely 
an  inconvenience.  In  connection  with  the  general  argument,  it  seems  im- 
practicable to  make  the  same  price  for  light  as-  that  for  power.  For  in- 
stance, not  even  Mr.  De  Fodor  would  suggest  that  anybody  could  supply  a 
tramway  undertaking  with  power  for  its  trolley  cars  at  three  cents  per  kw- 
hour,  and  imagine  that  the  rates  for  private  lighting  could  ever  approxi- 
mate to  this  figure. 

Mr.  Arthur  Williams  :  There  are  so  many  representatives  of  foreign 
companies,  including  gas  companies,  present,  that  I  ask  the  gentlemen  if 
any  gas  companies  in  Europe  have  rates  which  compare  with  our  electric 
light  rates  for  light  —  a  high  unit  price  for  the  first  few  hours  and  a  low 
rate  for  the  others? 

Mr.  Robert  Hammoxd:  We  deliver  it  off  the  machine,  but  the  gas  peo- 
ple store  their  gas ;  their  rate  is  always  a  flat  rate. 

Chairman  Lieb:  We  will  now  have  the  paper  by  Mr.  George  N.  East- 
man, of  the  Chicago  Edison  Co.,  the  delegate  of  the  National  Electric 
Light  Association,  on  "  Protection  and  Control  of  Large  High  Tension 
Alternating-Current  Distribution  Systems." 


PROTECTION  AND  CONTROL  OF  LARGE  HIGH 
TENSION  ALTERNATING-CURRENT  DISTRIBU- 
TION SYSTEMS. 


BY  GEORGE  N.  EASTMAN,  Delegate  National  Electric  Light  Association. 


The  principal  object  to  be  attained  in  the  installation  of  pro- 
tective apparatus  is  continuity  of  service.  While  the  precautions 
that  are  necessary  to  be  taken  in  the  operation  of  one  system  may 
differ  materially  from  that  of  another,  the  protective  apparatus 
installed  to  insure  continuity  of  service  would  be  substantially  the 
same  for  either  system.  There  is  a  wide  difference  of  operating- 
conditions  in  the  present  large  high  tension  systems,  due  to  the 
different  types  of  apparatus  which  are  installed.  Contingencies 
which  will  frequently  arise  on  one  system  will  be  infrequent  on 
another.  In  treating  the  subject  then,  it  is  necessary  to  outline  the 
general  type  of  the  system  which  is  to  be  considered,  principally  in 
regard  to  the  apparatus  which  it  serves. 

A  system  may  have  overhead  and  underground  lines  supplying 
step-down  transformers  operating  induction  motor  generators, 
synchronous  motor  generators  or  rotary  converters,  or  it  may  have 
induction  motor  generator  sets  or  synchronous  motor  generator  sets 
directly  connected  to  the  primary  distribution  system.  The  com- 
bination of  nearly  all  these  conditions  is  obtained  in  a  few  large 
high  tension  transmission  systems  now  in  operation  in  some  of  our 
large  cities.  It  is  evident  that  the  contingencies  which  will  arise 
on  such  a  system  will  be  more  varied  than  the  contingencies  arising 
on  a  system  supplying  only  one  class  of  transmission  lines  and  only 
one  type  of  translating  apparatus.  The  system  of  the  Chicago  Edi- 
son Company  and  the  Commonwealth  Electric  Company  is  repre- 
sentative of  the  former  class,  and  as  examples  and  conditions  pre- 
sented throughout  this  paper  will  refer  particularly  to  this  system, 
a  brief  description  of  the  principal  features  relative  to  the  examples 
and  conditions  cited  will  be  given. 

The  high  tension  system  of  the  Chicago  Edison  Company  and  the 
Commonwealth  Electric  Company  consists  of  a  3-wire,  3-phase, 
25-eycle,  9000-volt  primary  distributing  system  fed  with  but  one  ex- 
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ception  by  three-phase  star-wound  generators.  The  system  is  oper- 
at*;d  from  two  generating  plants,  the  Fisk  Street  station  having  at 
present  a  normal  capacity  of  15,000  kilowatts,  and  the  Harrison 
Street  station  having  a  normal  capacity  of  10,000  kilowatts.  The 
neutral  of  the  9000-volt  generators  is  brought  out  and  connected 
to  a  common  ground  bus  in  each  station. 

The  primary  distributing  lines  consist  of  43  lines  of  throe-con- 
ductor, paper  insulated,  lead  covered  cable  and  one  overhead  lino 
interconnecting  generator  stations  and  sub-stations.  With  few  ex- 
ceptions, the  cables  are  made  up  of  No.  4-0  conductors  with  insula- 
tion of  6/32-in.  paper  concentric  with  the  conductor  and  4/32-in. 
paper  wrapped  over  all,  jute  or  hemp  filler  being  used,  and  the 
whole  treated  with  a  resin  oil.  The  length  of  underground  cables 
connected  to  the  system  is  63  miles.  The  length  of  overhead  lines, 
9.4  miles. 

The  translating  apparatus  in  the  sub-stations  consists  of  9000- 
volt,  3-phase  synchronous  motors  direct  connected  to  60-cycle 
generators;  step-down  static  transformers  operating  rotary  con- 
verters and  step-down  static  transformers  driving  induction  motors 
for  operating  exciter  generators.  A  diagram  of  the  high-tension 
pystem  is  shown  in  Fig.  1. 

Grounds  on  the  System. 

In  the  process  of  installing  an  underground  three-conductor 
cable,  the  insulation  wrapped  over  all  the  conductors  is  more  liable 
to  injury  than  the  insulation  concentric  with  each  conductor.  Any 
mechanical  injury  to  the  insulation  concentric  to  the  conductor  is 
generally  confined  to  the  insulation  of  one  conductor  and  is  seldom 
obtained  on  all  three  conductors  at  one  point  in  the  cable.  A  re- 
sultant breakdown  in  insulation  due  to  mechanical  injury  is,  there- 
fore, more  frequent  between  conductor  and  ground  than  between  in- 
dividual conductors.  The  effect  of  electrolysis  is  to  produce  the 
t3ame  result.  As  a  general  rule  a  small  hole  is  first  obtained  in  the 
lead  which  is  nearer  to  one  conductor  than  it  is  to  the  other  two, 
and  the  moisture  entering  causes  a  breakdown  to  ground. 

The  effects  of  grounds  should  be  studied,  and  an  effort  made  to 
determine  the  resultant  effect  which  will  be  produced  by  grounds 
in  all  conceivable  cases,  in  order  that  pro|>er  precautions  may  bo 
taken  to  limit  the  extent  of  injuries  to  the  system. 

On  any  alternating-current  system,  the  relative  potentials  which 


520 


EASTMAN:     PROTECTING  DISTRIBUTING  SYSTEMS. 


exist  between  any  part  of  the  system  and  ground  will  depend  upon 
the  distribution  of  the  electrostatic  capacity  throughout  the  sys- 
tem.   The  insulation  resistance  is  necessarily  so  high  that  its  effect 


Fig.  1. 


in  determining  the  potentials  which  will  exist  between  the  system 
and  ground  will  not  be  noticeable. 

The  condensance  of  the  system  performs  tlie  function  of  elastic 
ligaments,  connecting  the  system  to  ground.     The  elastic  limit  of 
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the  ligaments  is  the  potential  at  which  the  dielectric  is  broken  down 
and  a  direct  short-circuit  established.  The  effect  of  a  ground  on 
the  system  depends  upon  the  nature  of  the  ground  and  the  value 
of  its  reactance  in  relation  to  the  condenser  reactance.  An  appre- 
ciation of  the  above  statement  can  be  best  obtained  by  the  pres- 
entation of  a  few  examples  which  might  occur  in  actual  practice. 

The  total  capacity  of  the  overhead  and  underground  transmis- 
sion circuits  of  the  Chicago  system  is  2.79  microfarads  between  two 
conductors,  and  10.64  microfarads  between  each  conductor  and 
ground.  The  capacity  reactance  (condensance)  between  two  con- 
ductors at  25  cycles  equals  2285  ohms,  and  the  condensance  between 
each  conductor  and  ground  is  598  ohms. 


Fig.  2. 


Fig.  2  represents  the  distribution  of  capacity  in  a  three-con- 
ductor underground  cable.  The  lines  representing  the  condenser 
plates  are  drawn  to  scale  so  that  a  relative  comparison  between  two 
conductors  and  between  each  conductor  and  ground  is  graphically 
represented.  It  will  be  noted  that  the  capacity  betw^een  conductor 
and  ground  which  is  the  factor  determining  the  relative  potentials 
which  will  exist  between  ground  and  system  is  several  times  greater 
than  the  capacity  between  conductors. 

The  distribution  of  condensance  in  overhead  lines  is  shown  in 
Fig.  3.  In  this  diagram  it  is  assumed  that  the  line  conductors  are 
properly  transposed  so  that  the  capacity  between  conductors,  con- 
sidering the  entire  system,  is  balanced.  It  will  again  be  noted  that 
in  the  overhead  system,  the  capacity  between  each  conductor  and 
ground  is  greater  than  the  capacity  between  conductors. 

It  is  interesting  to  make  a  comparison  between  the  capacity  of 
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a  sj'stem  with  underground  cables  and  the  equivalence  with  over- 
head linos.  If  all  the  lines  of  the  Chicago  system  were  overhead, 
assuming  a  distance  between  conductors  of  16  and  25  ins.  re- 
spectivel}'  and  a  height  of  35  ft.  above  ground,  the  total  capacity 
of  the  system  between  two  conductors  would  be  .57  microfarads 
and  between  each  conductor  and  ground  .65  microfarads.  The  con- 
densance  at  25  cycles  between  two  conductors  would  be  11.300  ohms 
and  the  condensance  between  conductors  and  ground  9620  obms. 
The  ratio  of  capacity  in  the  overhead  system  to  that  in  the  under- 
ground system  would  be  1  to  16.4  between  conductors  and  ground^ 
and  1  to  4.9  between  two  conductors. 


Fig.  3. 


Diagram  Figs.  4  and  5  represent  the  arrangement  of  capacity  in 
relation  to  the  three-phase  pressure  diagram.  As  in  Fig.  2  and 
Fig.  3  the  condenser  plates  are  drawn  to  scale,  so  that  a  comparison, 
can  be  made  between  underground  system  and  an  equivalent  over- 
bead  system. 

The  effect  of  a  ground  on  any  conductor  is  to  shunt  the  condens- 
ance of  the  system  between  that  phase  and  ground,  and  it  is  evident 
that  the  relative  potential  wbich  will  exist  between  the  system  and 
ground  will  depend  upon  the  nature  and  value  of  the  grounding 
impedance  and  the  relation  it  bears  to  the  shunted  condenser 
reactance. 

An  idea  of  the  eflFect  which  will  be  produced  by  an  inductive 
ground  can  best  be  obtained  by  an  inspection  of  Fig.  6.    In  diagram 
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Fig.  6  it  is  assumed  that  the  condensance  of  C  phase  is  shunted 
by  inductive  reactance  having  no  resistance  component.  It  will  be 
readily  conceived  that  if  the  inductance  is  equal  to  the  condensance, 
that  the  impedance  of  the  circuit  between  C  and  G  will  be  infinite, 
and  the  relative  potential  to  ground  will  be  determined  by  the 
capacity  between  the  phases  A  aDd  B.  If  these  two  condensers 
are  of  equivalent  value,  tlie  ground  will  be  located  at  the  point  G, 
midway  between  A  and  B,  and  the  potential  from  A  and  B  to 
ground  will  be  one-half  the  delta  potential  of  the  system;  the 


Fig.  4. 


potential  from  C  to  ground  will  be  86.6  per  cent  of  the  delta  po- 
tential of  the  system.  As  the  inductance  is  decreased  it  will  be 
evident  that  the  potential  between  the  system  and  ground  will  bo 
increased;  since  the  condensers  between  .4  and  B  are  in  series  with 
an  inductive  reactance.  The  potential  will  increase  as  the  induct- 
ance is  decreased,  until  the  latter  is  one-third  of  the  reactance  of 
each  condenser.  For  this  value  of  grounding  reactance,  the  poten- 
tial between  system  and  ground  Mill  be  infinite.  With  a  further 
decrease  in  the  inductive  reactance,  line  G  Go  will  swing  through 
infinity  and  the  potential  will  decrease  along  the  line  G  G^  until^ 
when  the  grounding  reactance  is  zero,  C  will  be  at  ground  potential. 
If  an  inductive  ground  could  be  obtained  having  no  ohmic  com- 
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ponent,  a  ground  of  199  ohms  on  the  underground  system  of  Chi- 
cago would  produce  an  infinite  voltage,  and  if  the  system  were 
overhead,  a  ground  of  3206  ohms  would  produce  the  same  effect. 
Thus,  it  will  be  seen  that  the  factor  which  determined  the  relative 
potential  to  ground  depends  both  on  the  grounding  impedance  and 
the  condensance  of  the  system. 

Fig.  7  is  a  diagram  showing  conditions  which  would  be  obtained 
when  the  ground  is  on  the  primary  of  one  transformer  of  a  star 
connected  set  of  transformers.     The  transformer  on  which  the 


Fig,  5. 

ground  is  obtained  is  connected  between  A  and  the  neutral.  The 
curve  shown  is  plotted  for  a  solid  ground  on  tlie  primary  for  dif- 
ferent points  along  the  winding.  Condition  m,  would  be  obtained 
when  the  ground  occurred  in  the  center  of  the  transformer.  Con- 
dition 7/14  would  be  obtained  when  the  ground  is  on  the  primary, 
one-quarter  the  distance  between  A  and  the  neutral.  AL  repre- 
sents the  pressure  which  would  be  impressed  upon  the  transformer 
when  the  ground  occurred  at  the  center  of  the  primary  winding 
and  CL  and  BL  represent  the  potentials  which  would  be  impressed 
on  the  other  two  transformers. 

Fig.  8  is  a  diagram  of  the  same  conditions,  considering  the  sys- 
tem is  overhead  instead  of  underground.     The  results  shown  in 
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Fig.  7  and  Fig.  8  arc  for  transformers  of  200-K.W.  capacity 
each  under  full  load  conditions.  It  will  be  noted  that  a  ground 
under  the  conditions  given  which  would  cause  considerable  trouble 
on  an  underground  system  would  cause  very  little  trouble  on  an 
equivalent  overhead  system.  The  same  potentials  would  pro1> 
ably  be  obtained  on  an  overhead  system  with  transformers  of  about 
20-K.W.  capacity.  Much  higher  potentials  may  be  obtained  if  at 
the  point  where  ground  occurs  an  arc  is  produced. 

Grounding  the  Neutral  of  Generators. 
The  remedy  adopted  for  the  Chicago  system  for  eliminating  the 
possibility  of  obtaining  high  potentials  between  the  system  and 


Fig.  6. 


ground  was  tlie  solid  grounding  of  the  neutral  of  all  the  star- 
wound  generators  in  the  generating  stations.  It  is  universally 
admitted  that  grounding  the  neutral  will  eliminate  the  chances  of 
obtaining  excessive  electrostatic  disturbances  on  the  system.  Fear 
is  expressed  by  some  engineers  that  with  a  grounded  system,  a' 
ground  on  the  system  which  directly  becomes  a  short-circuit  be- 
tween neutral  and  one  conductor  of  the  generators  will  result  in 
surging  throughout  the  system,  thereby  producing  results  which 
would  be  as  disastrous  as  the  trouble  which  it  was  aimed  to  elimi- 
nate. In  some  instances  a  resistance  has  been  installed  between 
the  neutral  and  ground  to  limit  the  flow  of  current  to  ground.    It 
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is  hoped  that  in  this  manner  the  short  circuit  could  so  be  damp- 
ened, that  surging  would  not  resalt.  In  a  large  high-tension  sys- 
tem it  Avould  be  impracticable  to  install  a  resistance  for  the  purpose 
of  dampening  short-circuit  oscillations,  on  account  of  the  enormous 
current  which  the  resistance  woidd  have  to  take  care  of. 

It  would  seem  that  a  better  system  would  ])e  the  operation  of 
only  one  generator  at  a  time  with  the  neutral  grounded,  thus  limit- 
ing the  current  which  would  floNV  on  the  occurrence  of  a  ground 
to  the  short-circuiting  current  capacity  of  that  machine. 

It  should  be  borne  in  mind  that  with  the  occurrence  of  a  short- 
circuit  which  is  limited  to  one  conductor  and  ground,  that  the 


energy  which  is  furnished  the  short-circuit  will  be  supplied  by  the 
generators  in  the  generating  station  and  that  the  synchronous  ap- 
paratus in  the  sub-stations,  unless  their  neutrals  be  grounded  also, 
will  furnish  no  energy  imtil  the  short-circuit  has  been  translated 
to  between  conductors.  Thus,  if  a  ground  can  be  detected  and  re- 
moved from  the  system  before  it  has  had  time  to  develop  into  a 
short-circuit  between  conductors,  the  effect  on  the  system  will  be 
greatly  decreased.  In  the  operation  of  the  Chicago  system,  in 
nearly  all  cases  the  short  circuits  in  the  underground  cable  have 
occurred  between  conductor  and  ground,  and  when  the  overload 
relays  were  not  retarded  in  their  action  by  time  limit  devices,  the 
circuits  on  which  the  trouble  has  occurred  have  beon  opened  before 
the  short-circuit  was  transmitted  to  other  conductors. 
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Ground  Detectors. 

The  above  fact  has  led  to  the  investigation  of  a  means  for  ob- 
taining a  ground  detector  which  could  be  used  for  the  purpose  of 
indicating  a  ground  or  operating  a  relay  controlling  the  circuit 
breaker  of  the  circuit  on  which  the  ground  occurs.  For  this  pur- 
pose the  Chicago  Edison  Company  is  experimenting  with  a  device, 
a  diagram  of  which  is  shown  in  Fig.  9.  This  device  consists  of  a 
laminated  iron  ring  having  three  independent  windings  of  an  equal 
number  of  turns,  uniformly  distributed  over  the  core,  and  a  fourth 
winding  of  any  desired  number  of  turns  which  is  connected  to  a 
meter  or  relay  for  providing  the  desired  indications.  Each  of  the 
three  similar  windings  is  connected  to  the  secondary  of  a  line  cur- 
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rent  transformer.  So  long  as  there  is  no  escape  of  line  current 
from  the  line  to  ground  the  currents  through  the  three  windings 
will  neutralize  each  other  and  no  flux  will  result  in  the  iron  core. 
As  soon  as  the  ground  is  obtained  part  of  the  current  fed  through 
the  transformer  will  return  to  the  generator  through  the  ground 
and  an  indication  will  be  obtained  by  means  of  the  fourth  winding. 
It  is  hoped  that  by  means  of  this  with  the  combination  of  instan- 
taneous and  time  limit  relays,  the  line  on  which  the  ground  occurs 
will  be  automatically  located  and  its  circuit  breaker  opened  in- 
stantly. In  this  manner  the  ground  may. be  cut  off  before  the 
trouble  has  been  transmitted  to  other  conductors  and  the  trouble 
limited  to  one  line  and  only  that  part  of  the  system  which  is 
affected  by  its  operation. 
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Overhead  Lines  on  Connection  with  Underground  System. 

The  introduction  of  an  overhead  line  operating  in  multiple  with 
a  large  system  of  cable  introduces  a  very  hazardous  element  and 
makes  it  necessary  to  safeguard  the  system  against  atmospheric 
charges.  Every  possible  precaution  should  be  taken  with  a  view  of 
preventing  the  transmission  of  a  high  potential  on  the  overhead 
line  to  the  underground  system.  There  is  but  one  overhead  line 
connected  to  the  Chicago  system  and  although  it  ha^  been  in  service 
only  a  few  months  several  cases  of  trouble  have  occurred  on  it  and 


Fig.  9. 


the  protective  apparatus  installed  has  successfully  prevented  the 
transmission  of  trouble  to  the  underground  system.  This  over- 
head line  is  connected  to  the  bus-bars  at  the  Fisk  Street  station 
through  a  900-ft.  length  of  underground  cable.  At  the  junction 
of  the  underground  cable  and  the  overhead  line,  a  lightning-ar- 
rester house  was  built  in  which  were  installed  choke  coils,  lightning 
arresters  and  a  circuit  breaker  on  the  line.  The  choke  coils  in- 
stalled had  an  inductive  equivalent  of  200  ft.  of  overhead  line. 
Two  banks  of  lightning  arrester  were  installed,  one  being  connected 
to  the  center  of  the  choke  coils  and  the  other  on  tiie  overhead  side 
of  the  coils.  Besides  the  line  circuit  breaker  in  the  lightning- 
arrester  house,  a  circuit  breaker  was  installed  in  the  switchhouse. 
Care  was  taken  to  adjust  the  overhead  relays  so  that  in  case  of 
trouble  on  the  line  the  switch  in  the  lightning-arrester  house  would 
be  the  lirst  to  open. 
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Overload  Relays, 

One  of  the  most  iinjjortant  parts  affecting  the  control  of  a  high 
tension  system  is  the  overload  relay  which  controls  the  automatic 
opening  of  the  line  circuit  breakers.  These  relays  should  be  capa- 
ble of  selecting  the  line  on  which  trouble  occurs  and  opening  the 
line  instantly.  For  this  purpose  a  combination  of  a  time  limit  and 
instantaneous  element  is  necessary,  the  time  limit  feature  being 
set  to  protect  the  cable  or  apparatus  against  dangerous  overloads 
and  the  instantaneous  device  being  adjusted  to  operate  only  in 
case  of  short-circuits  or  grounds.  The  time  limit  devices  which 
have  been  used  without  the  combination  of  these  two  elements 
have  resulted  in  the  operation  of  circuit  breakers  of  lines  on  which 
no  trouble  has  occurred,  in  some  cases  shutting  down  the  entire 
system.  In  laying  out  the  system,  the  application  of  the  overload 
relay  should  be  borne  in  mind  and  wherever  possible  the  lay-out 
should  be  so  arranged  that  each  line  receives  its  energy  either  over 
a  number  of  lines,  or  else  directly  from  the  bus-bars  of  the  generat- 
ing station,  in  this  manner  causing  the  short-circuiting  or  ground- 
ing current  in  the  line  on  which  trouble  occurs  to  exceed  in 
amount  the  current  of  any  other  line  on  the  system.  To  illustrate 
this  point,  referring  to  diagram  Fig.  1  of  the  Chicago  system,  it 
M'ill  be  observed  that  there  are  six  lines  connecting  the  ]\Iorgan 
Street  sub-station  to  the  Fisk  Street  generating  station.  In  order 
to  insure  these  lines  remaining  in  service  when  a  short-circuit 
occurs  on  lines  connected  beyond  the  Morgan  Street  sub-station,  it 
will  be  necessary  to  set  the  instantaneous  device  on  the  overload 
relays  for  current  values  so  high  that  the  sum  of  the  currents  in 
all  the  lines  is  in  excess  of  the  short-circuiting  current  which  the 
Fisk  Street  station  is  capable  of  delivering.  The  time  limit  ele- 
ment may  be  set  low  enough  to  protect  the  cable  against  the  con- 
tinuous overloads  which  would  endanger  apparatus  and  affect  the 
normal  operation  of  the  system. 

Oil  Circuit  Breakers. 

The  application  of  no  other  device  has  played  such  an  important 
part  in  making  the  operation  of  a  large  high-tension  system  pos- 
sible, as  has  that  of  the  oil  switch.  Experiments  have  shown  thab 
with  the  presence  of  electrostatic  capacity  the  open  arc  in  air 
has  very  destructive  effects.  Instances  have  been  obtained  where, 
upon  opening  the  circuit  in  air,  arc  lengths  of  from  20  ft.  to  30  ft. 
Vol.  11  —  34 
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have  been  obtained.  Confining  the  arc  in  oil,  the  phenomenon 
which  is  obtained  with  the  open  arc  apparently  ceases  to  exist. 
This  fact  should  be  borne  in  mind  and  precaution  taken  throughout 
the  system  as  far  as  possible  to  limit  to  a  confined  space  the  short- 
circuiting  arcs  which  are  apt  to  occur.  Every  precaution  should 
be  taken  with  auxiliary  circuits  and  devices  upon  which  the  opera- 
tion of  the  circuit  breaker  depends.  The  opening  of  a  switch  or 
the  falling  back  of  a  swtch  into  a  closed  position  may  result  in  as 
much  damage  to  the  system  as  the  most  severe  short-circuit.  The 
switch  should  be  capable  of  successful  operation  through  a  very 
wide  range  in  voltage,  in  order  that  the  control  will  not  be- 
come inoperative  when  trouble  on  the  circuits  causes  a  drop  in 
pressure  of  the  secondary  system. 

Protection  of  Translating  Apparatus. 

The  apparatus  in  the  sub-station  feeding  from  the  primary  dis- 
tribution system  should  be  protected  with  overload  relays  operat- 
ing circuit  breakers,  both  on  the  primary  and  secondary  system. 
With  a  sudden  reversal  of  current  in  either  a  series  or  a  shunt- 
wound  rotary  converter  the  field  is  apt  to  be  weakened  to  an  extent 
such  that  a  dangerous  speed  would  be  obtained.  To  prevent  this, 
a  speed  limit  device  controlling  the  direct-current  circuit  breaker 
should  be  installed.  To  guard  against  the  speeding  up  of  a  rotary 
converter  on  which  the  speed  limit  device  has  failed  to  operate 
and  translating  its  excessive  speed  to  other  synchronous  machines 
in  multiple  with  it,  the  speed  limit  device  should  also  control  the 
operation  of  the  alternating-current  circuit  breakers. 

To  reduce  the  liability  of  obtaining  excessive  speeds  on  convert- 
ers, the  sub-station  translating  apparatus  should  be  arranged, 
wherever  possible,  so  that  rotary  converters  do  not  operate  in  multi- 
ple with  synchronous  motor-generator  sets  connected  to  the  same 
line.  The  opening  of  the  line  switch  in  such  a  case  would  result  in 
the  dropping  out  of  step  of  the  motor,  thereby  causing  the  speed- 
ing up  of  the  rotary  converter  due  to  the  demagnetizing  action  of 
the  heavy  lagging  current  set  up  in  the  rotary  armature. 

In  any  system  care  should  be  taken  to  prevent  the  manual 
operation  from  interfering  with  the  automatic.  The  com- 
bination of  hand  and  automatic  operated  devices  should  be 
avoided  as  far  as  possible,  thus  minimizing  the  tendency  of  the 
operators   to   rely   upon  automatic  devices.      For  example,  when 
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certain  cases  of  trouble  arise  the  automatic  devices  may  be  de- 
prived of  tlieir  means  of  automatic  control  and  hence  fail  to 
perform  their  functions  of  protection.  In  such  a  case  an  at- 
tempt to  operate  these  devices  manually  would  also  result  in 
failure  and  a  loss  in  time  which  may  cause  the  wrecking  of  the 
apparatus  involved,  whereas,  if  the  operator  had  performed  the 
regular  routine  of  manual  operation  independent  of  all  automatic 
devices  the  damage  would  probably  have  been  prevented. 

Every  precaution  should  be  taken  in  the  installation  of  auto- 
matic-controlling devices  to  make  their  operation  independent 
of  the  normal  service  conditions  of  the  system,  thus  insuring 
their  successful  operation  under  any  conditions  which  may  arise. 

In  conclusion,  too  much  stress  cannot  be  laid  on  the  care- 
ful testing  of  all  pieces  of  apparatus  to  be  installed  on  the  sys- 
tem. All  lines  and  apparatus  should  be  periodically  inspected  and 
tested,  and  no  expense  should  be  spared  in  obtaining  correct  ex- 
planations of  the  causes  of  all  trouble  which  arises  on  the  system. 

Discussion. 

(Mr.  Arthur  Williams  in  the  Chair.) 

Chairman  Williams:  We  are  now  ready  to  discuss  Mr.  Eastman's 
paper.  I  think  we  will  follow  the  excellent  example  set  by  the  President  of 
this  section,  and  ask  you  to  make  the  discussion  as  brief  as  possible.  I 
do  not  think  it  would  be  wise  to  cut  otf  discussion  to  an  unseemly  extent; 
but  about  three  or  four  minutes  should  be  considered  a  maximum. 

Mr.  W.  C.  L.  Eglin:  I  was  much  interested  in  Mr.  Eastman's  paper, 
as  it  covered  very  fully  the  ground  of  American  practice  in  protecting 
devices  in  the  station  and  translating  devices.  I  was  particularly  in- 
terested, however,  in  the  character  of  work  he  has  done  in  locating  faults 
on  cables.  Perhaps  the  worse  trouble  that  all  of  us  fear  is  interference 
with  our  underground  feeders  connecting  stations  and  sub-stations.  It  is, 
of  course,  very  important  that  these  troubles  should  be  located  just  as 
soon  as  they  develop,  or  even  before  they  develop,  when  the  cable  is  about 
to  break  down.  It  would  appear  from  Mr.  Eastman's  paper  as  if  this  was 
the  point  they  are  devoting  most  of  their  attention  to.  The  general  de- 
scription, of  course,  is  such  as  can  be  applied  to  most  of  the  central  stations 
of  this  country;  and  I  shall  be  very  glad  to  hear  how  this  compares  with 
similar  work  in  the  foreign  countries. 

Chairman  Williams:  If  there  is  no  further  discussion  on  the  paper, 
we  will  consider  the  subject  closed  and  proceed,  to  Mr.  Eglin's  paper. 

(Mr.  L.  A.  Ferguson  in  the  Chair.) 

Chairman  Ferguson:  We  will  now  proceed  to  the  consideration  of  the 
paper  on  "  Rotary  Converters  and  Motor  Generator  Sets,"  by  Mr.  Wm.  C.  L. 
Eglih,  of  Philadelphia. 


ROTARY  CONVERTERS  AND  MOTOR-GENERA- 
TOR SETS. 


BY    WM.    C.    L.    EGLIX,   Delegate   Association   of   Edison   Illuminating 

Companies. 


In  the  distributing  systems  of  the  electric-supply  companies  in 
the  United  States,  the  demand  for  low-tension  direct-current 
service  is  usually  of  the  first  importance.  The  distribution  is 
underground  by  means  of  three-wire  network,  fed  from  sub- 
stations located  near  the  load  centers;  the  sub-stations  being  con- 
nected by  means  of  high-tension  alternating-current  feeders  to 
the  main  generating  station,  which  is  located  where  the  best  facili- 
ties are  available  for  economical  operation.  The  sub-stations  are 
usually  provided  with  a  storage  battery,  and  in  some  cases  with 
an  auxiliary  steam  equipment,  which  is  used  in  the  event  of  emer- 
gency or  for  extraordinary  loads  during  the  winter  months.  In 
most  cases,  however,  where  auxiliary  steam  apparatus  is  used,  it 
forms  part  of  an  old  generating  station  which  has  been  changed  to 
a  sub-station. 

The  percentage  of  the  total  load  converted  for  direct  current 
varies  widely  in  different  localities,  and  in  the  larger  supply 
companies  it  varies  from  30  per  cent  to  100  per  cent.  Some  of 
the  leading  companies  also  supply  power  to  the  sub-stations  of 
street  railway  companies,  and  others  have  a  500-volt  power  cir- 
cuit, although  most  of  the  direct  current  is  supplied  on  three-wire 
230-volt  systems. 

In  all  cases  the  percentage  of  the  total  load  converted  from 
alternating  current  to  direct  current  is  large,  so  that  an  effective, 
reliable,  and  efficient  means  of  transforming  alternating  current 
to  direct  current  is  essential.  The  three  methods  available  for 
this  purpose' are  rotary  converters,  motor-generator  sets,  and  recti- 
fiers, the  first  two  only  of  which  are  available  at  present  for  trans- 
forming large  currents, 

EOTARY      COXVEKTEUS. 

A  rotary  converter  is  similar  to  a  direct-current  generator, 
with   taps   made  on   the   armature  Minding  and   the   addition   of 
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collector  rings  to  introduce  alternating  current.  In  a  single 
phase  rotary  converter  these  taps  would  be  made  180  deg.  apart; 
for  two-phase,  90  deg.,  and  similar  arrangements  for  polyphase 
systems.  In  most  of  the  larger  rotary  converters  using  three-phase 
systems,  the  phases  are  split  so  as  to  use  six  phases  on  the  rotary 
converter,  and  in  that  way  increase  the  capacity  of  the  machine. 
The  efficiency  of  the  rotary  converter  is  higher  than  of  the  direct- 
current  generator,  for  the  reason  that  part  of  the  current  passes 
directly  through  the  windings.  The  rotary  converter  must  be  oper- 
ated in  synchronism  with  the  generator,  and  when  started  from 
the  alternating-current  side  has  all  the  characteristics  of  a  syn- 
chronous motor.  The  rotary  converter  may  be  either  shunt-wound 
or  compound-wound.  The  voltage  at  the  direct-current  end  of  the 
shunt-wound  type  depends  upon  the  voltage  of  the  alternating  cur- 
rent delivered  to  the  collector  rings,  and  practically  cannot  be 
varied  without  varying  the  alternating  current  impressed  on  it. 
Varying  the  field  strength  has  the  effect  of  changing  the  power 
factor,  making  the  current  either  leading  or  lagging  without  materi- 
ally changing  the  voltage  delivered  on  the  direct-current  end.  This 
necessitates  some  form  of  regulator  on  the  alternating-current  side 
so  as  to  control  the  voltage  on  the  direct-current  end  of  the  rotary. 
There  are  two  methods,  either  the  introduction  of  induction  regu- 
lators in  the  alternating-current  leads  on  each  phase  of  the  rotary, 
or  dial  switches  on  the  step-down  transformers,  which  vary  the 
ratio  between  the  primary  and  sacondary  winding.  The  step-down 
transformers  are  arranged  so  as  to  deliver  the  proper  voltage  for 
the  e.m.f.  desired  on  the  direct-current  side  of  the  rotary;  and, 
therefore,  a  rotary  converter  equipment  consists  of  step-down  trans- 
formers, regulators,  and  the  rotary  converter,  with  the  necessary 
switches  and  safety  devices. 

Means  must  be  provided  for  starting  the  rotary  converter  and 
bringing  it  to  synchronous  speed.  The  rotary  may  be  started  from 
either  end,  preferably  from  the  direct-current  side.  When  starting 
from  the  alternating-current  side,  the  current  required  exceeds  the 
full-load  current  usually  from  50  to  100  per  cent;  and  some  means 
must  be  provided  for  controlling  this  large  current;  also  the  field 
must  be  cut  out  until  synchronous  speed  is  obtained. 

When  started  from  the  direct-current  side,  the  machine  is  started 
similar  to  the  direct-current  motor  with  variable  resistances  in  the 
armature  circuit,  which  is  gradually  cut  out  as  the  machine  accel- 
erates in  speed.    The  rotary  is  then  synchronized  with  the  altemat- 
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ing-current  generator  similar  to  the  operation  of  paralleling  t-wo 
alternators.  Starting  arrangements  may  be  common  for  a  number 
of  rotaries,  and  this  is  arranged  for  by  switches  on  the  switchboard. 

A  third  method  which  has  been  used  on  large  rotary  converters 
is  the  starting  motor,  using  an  alternating-current  motor  of  the  in- 
duction type  to  bring  the  machine  up  to  synchronous  speed.  When 
only  one  rotary  converter  is  in  use,  and  direct  current  is  not  avail- 
able for  starting,  and  the  rotary  is,  therefore,  started  from  the 
alternating-current  side,  care  must  be  exercised  to  test  the  polarity, 
as  it  is  very  probable  it  may  be  reversed.  This  can  usually  be  recti- 
fied by  opening  the  switch  on  the  alternating-current  side,  allowing 
the  machine  to  slip  a  pole. 

The  rotary  converter  meets  all  of  the  commercial  conditions 
demanded  of  it,  and  is  capable  of  delivering  current  on  the  direct- 
current  side  at  from  110  to  600  volts.  It  can  be  operated  on  varying 
frequencies  from  25  to  60  cycles  successfully.  Rotary  converters 
operate  better  at  the  low  frequencies  for  reasons  which  will  be  dis- 
cussed later. 

In  the  early  introduction  of  rotary  converters,  difficulties  were 
met  which  were  principally  due  to  hunting,  usually  caused  by 
variations  in  the  angular  velocity  of  the  generator.  This  caused 
a  swing  action  of  the  revolving  part  of  the  rotary  converter, 
which  generally  increased  unless  some  means  were  provided  to 
dampen  this  effect.  The  effect  of  hunting  causes  excessive  spark- 
ing at  the  brushes,  and  when  hiyiting  becomes  excessive  the  ma- 
chine will  flash  over  at  the  commutator  and  short-circuit  the  di- 
rect-current side  of  the  machine;  and  unless  safety  devices  are 
provided  the  machine  is  liable  to  be  destroyed.  The  difficulty  of 
hunting  has  been  overcome  by  the  addition  of  bridges  between 
the  poles  of  the  machine.  The  design  of  these  bridges  was  capable 
of  being  varied  so  as  to  increase  tlie  dampening  effect  required. 
The  first  form  was  a  copper  bridge  placed  between  the  poles,  but 
it  w'as  found  that  additional  dampening  effect  was  required. 
The  poles  were  then  undercut  and  copper  bridges  were  extended 
under  the  pole  tips.  Tlie  most  powerful  form  consisted  of  a  cop- 
per bridge  imbedded  in  the  pole  face.  The  addition  of  bridges 
usually  reduced  the  efficiency  of  tlie  machine;  rarely,  however, 
exct^ding  1  to  1^  per  cent.  The  proper  remedy  for  hunting  is 
naturally  the  removing  of  the  cause  by  obtaining  a  uniform  rota- 
tion of  the  generator,  which  can  be  accomplished  by  the  combina- 
tion of  an  effective  governor  and  the  necessary  fly-wheel  effect  on 
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the  engine.  Hunting  does  not  seem  to  take  place  when  the  gen- 
erators are  driven  by  either  steam  or  water  turbines.  A  number 
of  rotary  converters  have  failed  owing  to  the  killing  of  the  field, 
due  either  to  the  circuit  being  open  or  to  the  effect  upon  the  field 
caused  by  disturbances  on  the  alternating-current  side,  thus  al- 
lowing the  machine  to  exceed  its  normal  speed,  or,  in  other  words, 
run  away.  These  failures  have  required  the  installation  of  aux- 
iliary apparatus  and  of  safety  devices,  which  are  usually  installed 
as  follows : 

A  circuit-breaker  on  the  direct-current  side  arranged  to  trip  with 
excessive  overload,  which  cuts  out  the  rotary  in  the  event  of 
its  flashing  over  at  the  commutator ;  and  speed-limiting  devices  to 
trip  the  circuit-breakers  on  the  alternating-current  and  direct- 
current  sides.  In  some  cases  the  alternating-current  side  of  the 
rotary  is  provided  with  an  overload  and  reverse-current  circuit- 
breaker  which  trips  when  the  current  is  reversed ;  or,  in  other 
words,  when  the  rotary  is  running  inverted,  supplying  alternat- 
ing current  to  the  line  and  taking  direct  current  from  the  sub- 
station. 

There  are  a  number  of  different  forms  of  speed-limiting  devices, 
both  electrical  and  mechanical.  One  form  of  electrical  de- 
vice consists  of  a  differential  relay,  one  set  of  coils  being  connected 
to  the  alternating-current  bus  and  the  other  set  to  the  collector 
rings.  In  the  event  of  the  rotary  exceeding  its  speed,  the  fre- 
quency at  the  collector  rings  will  increase,  causing  an  unbalance 
at  the  relay  and  tripping  the  circuit-breakers.  The  mechanical 
devices  usually  consist  of  some  governor  attachments  which  make 
contact  in  the  event  of  the  shaft  running  above  its  normal  speed 
and  tripping  the  circuit-breakers.  Various  arrangements  of  the 
field  wiring  so  as  to  allow  combination  separate  and  self-exciting 
connections  have  been  tried  so  as  to  prevent  errors  on  the  part 
of  the  operators. 

The  study  of  the  rotary  converter  from  an  operating  stand- 
point early  indicated  that  the  machine  had  a  high  inherent  effici- 
ency; that  the  voltage  and  load  could  be  easily  regulated  and  the 
poM'er  factor  adjusted  to  suit  the  best  operative  conditions  of  the 
system,  and  that  the  first  cost  of  the  outfit  was  comparatively  low. 
For  these  reasons  it  was  extensively  used,  especially  for  frequen- 
cies of  25  cycles. 
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Motor-Generator  Sets. 

Before  the  rotary  converter  had  been  fully  developed,  a  num- 
ber of  these  machines  were  installed  on  systems  with  frequencies 
of  GO  cycles;  and  at  this  frequency  the  difficulties  due  to  hunting 
were  greatly  increased,  and  in  some  cases  satisfactory  operation 
could  not  be  obtained.  This  led  to  the  introduction  of  the  motor- 
generator  sets.  The  first  motor-generator  sets  were  installed  so 
as  to  obtain  the  most  reliable  equipment  irrespective  of  the  cost 
or  efficiency.  These  equipments  consisted  of  a  low-voltage  poly- 
phase induction  motor,  direct  connected  to  either  one  or  two  di- 
rect-current generators  mounted  upon  a  common  base.  The  mo- 
tors were  arranged  with  stationary  coils  and  squirrel  cage  wind- 
ing on  the  rotor,  and  they  were  similar  in  most  respects  to  the 
small  motors  which  have  been  used  successfully  for  a  variety  of 
purposes.  The  generators  were  of  standard  design  and  tlie  mo- 
tors were  built  to  suit  the  speed  of  the  generator ;  the  motor  being 
supplied  with  low-voltage  current  from  step-down  transformers. 
On  account  of  using  induction  type  motors  the  difficulties  due  to 
hunting  were  removed,  and  the  operation  in  the  sub-station  was 
further  simplified  by  having  no  electrical  communication  between 
the  direct  and  alternating-current  sides,  thus  removing  the  dangers 
of  the  machine  running  away. 

The  motor-generator  sets  can  be  started  either  from  the  direct 
or  alternating-current  side,  by  using  the  generator  as  a  motor  and 
placing  a  varialjle  resistance  in  the  armature  circuit  similar  to 
the  method  used  in  starting  the  rotary  converter.  When  the  set 
is  started  from  the  alternating-current  side,  some  current-limiting 
device  is  introduced  in  the  alternating-current  circuit  leading  to  the 
moto-r.  It  has  been  found  of  advantage  in  practice  to  synchronize 
the  larger  motor-generator  sets  so  as  to  prevent  any  sudden  rush 
of  current  when  throwing  the  motors  on  the  system.  As  the 
usual  methods  "of  synchronizing  are  not  suitable  for  this  purpose, 
a  disc  with  white  and  black  stripes  is  attached  to  the  shaft  and 
with  an  arc  lamp  connected  to  the  alternating-current  bus,  the 
set  can  be  readily  synchronized  and  at  synchronous  speed  the 
black  and  white  stripes  are  readily  visible.  By  the  attachment  of 
mirrors  to  the  pillow  blocks  of  the  various  motors,  each  set  can 
readily  be  synchronized  by  the  switchboard  attendant.  Bringing 
the  machine  to  synchronous  speeds  is  not  essential,  although  it  is 
recommended  for  the  larger  size  units;  that  is  to  say,  machines  of 
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400  kw  or  larger.  It  has  been  found  advantageous  to  start  both 
generators  and  rotary  converters  from  the  direct-current  side  with 
a  starting  bar  operated  by  hand,  thus  reducing  the  amount  of  cur- 
rent required  to  overcome  the  friction  of  rest  about  one-half.  This 
is  often  important  when  the  sub-station  is  heavily  loaded  and  the 
current  is  drawn  from  it  to  start  additional  machines.  It  also  re- 
duces the  size  of  the  starting  resistance;  for  example,  400-kw  motor- 
generator  sets  or  rotary  converters  may  require  from  400  to  600 
amperes  to  start  them  from  rest,  providing  the  machines  have  been 
standing  for  some  time,  and  thus  the  oil  allowed  to  squeeze  out  be- 
tween the  bearing  and  the  shaft.  With  the  assistance  of  the  start- 
ing bar  this  current  can  be  cut  down  to  200,  and  not  exceeding  250 
amperes  at  230  volts. 

The  operation  of  these  motor-generator  sets  was  all  that  could 
be  expected  of  them  and  was  satisfactory  in  all  respects;  but,  on 
account  of  their  inefficiency  and  high  first  cost,  improvements  were 
demanded. 

A  very  rational  step  was  the  abolishment  of  step-down  trans- 
formers and  the  substitution  of  a  high-tension  for  the  low-tension 
winding  on  the  motors;  the  introduction  of  one  250  to  300-volt  gen- 
erator instead  of  two  125  to  150-volt  generators,  and,  in  some  cases, 
the  substitution  of  a  synchronous  motor  for  an  induction  motor. 

The  use  of  the  high-tension  winding  on  the  motor  removed  the 
necessity  for  and  cost  of  the  step-down  transformers,  and  more  than 
compensated  for  the  additional  floor  space  required  by  the  motor- 
generator  set.  Eegulators  on  the  alternating-current  side  were  un- 
necessary —  the  voltage  on  direct-current  generators  being  readily 
controlled  by  a  rheostat  on  the  shunt  field  —  and  the  operation 
was  simplified,  allowing  the  equipment  to  be  handled  by  the  regular 
cla.ss  of  dynamo  operators,  this  being  of  great  importance  in  large 
systems,  as  it  requires  less  time  to  train  the  operators.  Disturbances 
on  the  alternating-current  side  of  the  system  have  little  effect  on  the 
motor-generator  sets  and  are  of  such  a  character  that  they  are  easily 
provided  for  by  protecting  devices. 

The  objection  to  motor-generators,  especially  those  of  induction 
type,  is  the  low-power  factor,  which  increases  the  losses  in  the 
feeders.  The  losses  in  the  feeders  are  usually  a  small  part  of  the 
total  loss,  so  that  this  in  many  cases  is  not  important. 

The  first  cost  of  motor-generator  sets  is  usually  somewhat  higher 
than  of  rotary  converters,  particularly  in  the  large  sizes.     The 
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actual  difference,  however,  is  not  so  great  as  is  generally  supposed. 
The  relative  costs  of  the  various  sizes  are  shown  in  the  following 
table : 

Comparative  Table  of  Costs. 

Rotaries  with  trans-       SjTich.  Ind.  Synch.  Ind. 

formers  and  regs.        Mt.  (Jen.      Mt.  (Jeu.     Mt.  Gen.      Mt.  Geu. 

25  Cyc.  60  Cyc.  25  Cyc.  25  Cyc.  60  Cyc.  60  Cyc.          Capacity. 

1.00  1.05       1.05  1.10          1.03  1.08           1.000  kw 

1.00  1.00       1.05  1.05          1.00  1.00            500  kw. 

1.00         .95       1.00  .95  .95  .95  250  to  300  kw. 

This  is  based  on  quotations  by  the  same  manufacturer  of  rotary 
converters  and  motor-generator  sets  of  25  and  60  cycles,  with  a  25- 
cycle  rotary  converter  with  transformers  and  regulators  as  a  unit. 

The  following  table  phows  the  efficiency  of  a  400-kw,  60-cycle  ro- 
tary converter  and  a  400-kw  60-cycle  motor-generator  set  with  both 
high  and  low-voltage  motors.  These  tests  were  made  at  the  works 
of  the  manufacturers,  and  show  that  even  at  high  frequencies  the 
rotary  converter  is  more  efficient  than  the  motor-generator  set : 

Rotary  Converter. 

Two-phase,  16  poles.  400  kw,  450  r.p.m..  230  to  300  volts  rotary. 

Two-phase,  60  cycles,  5000  volts  primary,  210  to  160  volts  sec- 
ondary transformer. 

Per  Cent.  Combined  Efficiency. 

Load.  at  210  Volts.         at  160  Volts. 

100  89.6                        90.5 

75  88.0                        88.9 

50  84 . 3                        85 . 5 

25  73.0                        75.3 

Motor-Generator  Sets. 

Direct  current,  10  poles,  400  kw,  450  r.p.m.,  125  to  150  volts. 
Alternating  current,  16  poles,  560  kw,  450  r.p.m.,  380  volts. 

Per  Cent,  Combined  Efficiency 

Load.  at  150  Volts. 

100  82.0 

Direct  current.  10  poles.  400  kw,  450  r.p.m.,  230  to  300  volts. 
Alternating  current,  16  poles,  560  kw,  450  r:p.m.,  220  volts. 

Per  Cent.  Combined  Efficiency 

Load.  at  300  Volts. 

100  84.9 
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Direct  current,  10  poles,  400  kw,  450  r.p.m.,  230  to  300  volts. 
Alternating  current,  16  poles,  560  kw,  450  r.p.m.,  5500  volts. 

Per  Cent.  Combined  Efficiency 

Load.  at  300  Yolts. 

100  86.9 

After  these  machines  were  installed  in  the  sub-stations,  a  series 
of  tests  were  made,  using  the  same  observers  and  the  same  instru- 
ments (the  instruments  being  checked  between  tests),  so  as  to 
obtain  the  all-day  efficiencies  when  operating  under  commercial 
conditions;  the  rotary  converters  being  placed  in  one  sub-station 
and  the  motor  generators  in  another,  but  both  supplied  from  the 
same  generating  station.  It  would  appear  from  these  tests  that  there 
is  no  practical  difference  in  the  commercial  efficiency  between  the 
high- voltage  motor-  generator  set  and  the  rotary  converter,  and.  as 
was  to  be  expected,  the  low-voltage  motor-generator  set  was  the 
most  inefficient. 


All-Day  Efficikn^cies  under  Commercial  Conditions. 


Type  of  Mach'ne. 

Load. 

H.P. 

Eff. 

—  Power  Factor.— 
A  Ph.         CPh.             Av. 

'  Ind.  Motor 
Two-phase 

Empty 

0 

0.0 

0.0 

45.9 

23.0 

1/4  "^ 

140 

72.9 

67.1 

86.4 

76.7 

No. 

1  i  H.  P.,  560 

1/2 

280 

82.1 

83.6 

92.8 

88.2 

i  Volts,  220 

3/4 

420 

85.3 

86.4 

90.4 

88.4 

Amp.,  1150 

Full  Ld. 

560 

85.4 

88.7 

92.1 

90.4 

^  Ind.  Motor 

Empty 

0 

0.0 

3.9 

29.1 

16.5 

Two-phase 

1/4 

140 

72.7 

56.9 

69.7 

63.3 

No. 

2^ 

H.  P.,  560 

1/2 

280 

81.2 

77.4 

82.5 

80.0 

Volts,  6000 

3/4 

420 

84.7 

82.5 

86.2 

84.3 

Amp,,  47 

Full  Ld. 

560 

85.9 

85.6 

88.9 

87.3 

Eotary 

1/4 

134 

70.9 

99.2 

106.0 

102.6 

No. 

3  ^ 

Two-phase 
KW,  400 

1/2 
3/4 

268 
402 

77.2 
80.4 

100.5 
97.4 

105.1 
102.4 

102.8 
99.9 

[  Volts,  250 

Full  Ld. 

536 

84.1 

97.6 

98.0 

97.8 

CON( 

ELUSIONS, 

The  type  of  machine  to   be  installed  in  sub-stations   depends 
principally  upon  the  frequency  of  the  system  and  the  importance 
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of  reliable  and  continuous  service.  The  frequency  to  be  used  de- 
pends upon  other  conditions  which  are  outside  the  scope  of  this 
paper. 

In  case?  where  the  largest  percentage  of  the  output  of  the  gener- 
ating station  is  to  be  transformed  to  low-tension  direct  current, 
25-cycle  rotary  converters  should  be  installed  on  account  of  their 
higher  efficiency  and  lower  first  cost.  The  very  large  number  of 
these  machines  which  are  now  in  successful  operation  proves  con- 
clusively their  reliability  and  effectiveness.  In  mixed  systems,  and 
where  the  percentage  of  current  transformed  for  low-tension  dis- 
tribution is  small,  motor-generators  are  desirable.  With  higher  fre- 
quency, particularly  60  cycles,  it  has  been  shown  that  motor  gener- 
ators compare  favorably  in  efficiency  and  are  much  more  reliable 
and  simple  in  their  operation. 

DiscussioiT. 

Chaibman  Ferguson:  Mr.  Eglin's  paper  is  now  ready  for  discussion. 
You  know  that  in  Europe  motor  generator  sets  are  used  very  much  more 
extensively  than  in  this  country,  and  we  shall  be  glad  to  hear  from  any  of 
our  European  friends  as  to  their  experience.  Col.  Crompton,  we  will  be 
glad  to  hear  from  you. 

Col.  R.  E.  B.  Cromptox:  I  am  unable  fully  to  discuss  this  important 
subject  as  I  have  not  studied  the  paper  sufficiently  carefully  but  I  can  com- 
municate one  figure  which  appears  important  —  that  is,  that  in  the  large 
London  system  with  which  I  have  most  experience,  where  we  generate 
and  transmit  at  5000  volts  transformed  by  motor  generator  sets  to  400  volts, 
and  charge  batteries  through  these  sets;  the  total  losses,  including  those 
in  the  high-pressure  mains,  motor  transformers,  accumulators,  low  pressure 
mains  to  consumers,  amount  to  27  per  cent  as  a  maximum,  but  about 
25  per  cent  on  the  average.  If  we  used  rotary  transformers,  these  losses 
would  be  greatly  reduced. 

Mr.  Philip  Torchio:  In  comparison  with  the  efficiency  obtained  from 
motor-generator  sets,  I  would  say  that  with  25-cycle  rotary  converters  of 
500  to  1000-kw  capacity,  in  American  cities  the  all-day  efficiency  is  above 
90  per  cent. 

Mr.  M.  J.  E.  TiLNEY:  The  writer  mentions  that  he  only  starts  up  from 
the  direct-current  side,  owing  to  the  heavy  starting  current.  There  is  a 
large  system  in  London  where  they  start  up  from  the  high-tension  side, 
with  resistance  in  the  rotors,  and  they  find  the  maximum  current  never 
exceeds  the  full-load  current  of  the  machine,  and  in  many  cases  is  only 
60  per  cent.  Is  there  any  special  advantage  in  starting  from  the  direct- 
current  side? 

Mr.  Philip  Torchio:  I  want  to  add  another  point,  and  emphasize  a 
matter  that  Mr.  Eglin  touched  upon  in  the  paper,  but  in  my  opinion,  did 
not   dwell   upon   strongly   enough ;    that   is,   the   advantage   of   the   greater 
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capacity  you  get  from  a  rotary  converter  than  from  a  motor  generator  set 
for  overload  conditions.  This  is  an  important  factor  in  laying  out  the 
reserve  capacity  for  a  sub-station. 

Mr.  Kglin:  The  figure  given  by  Col.  Crompton  is  similar  to  the  figure 
in  this  country  on  motor-generator  sets.  As  to  the  question  of  cutting 
down  the  starting  current,  it  is  not  the  practice  in  this  country  to  start 
from  the  alternating  side.  As  the  motor-generator  sets  are  started  from  the 
direct-current  side,  the  starting  current  would  l)e  much  smaller  than  CO  per 
cent  of  the  full-load  current  of  the  motor.  It  would  not  exceed  25  per  cent. 
The  motor-generator  sets  are  started  in  the  same  way  as  the  rotary  con- 
verters are  started,  using  the  generator  as  a  motor. 

Chairman  Lieb:  Our  time  this  morning  has  been  very  limited.  To- 
morrow morning  we  will  open  the  proceedings  at  9:30  o'clock.  All  the 
papers  which  are  to  be  discussed  to-morrow  are  in  print,  and  members  can 
have  copies  of  them.  We  are  going  to  have  a  very  complete  discussion  on 
direct  and  alternating-current  distributions ;  and  you  know  that  such  a 
discussion  will  take  much  time,  so  I  will  ask  you  all  to  be  prompt  in 
attendance. 

TUESDAY   MORNING    SESSION,    SEPTEMBER    13. 

Chairman  Lieb  called  the  meeting  to  order  at  9:30  a.  m.,  and  announced 
that  the  session  would  be  opened  by  a  paper  on  "  The  Prussian  System  of 
Electric  Train  Lighting "  by  Herr  Carl  Roderbourg,  to  be  read  by  Prof. 
Sever. 

Prof.  Sever  then  read  the  following  paper: 


THE  PEUSSIAN  SYSTEM  OF  ELECTRIC  TRAIN 

LIGHTING. 


BY  HERR  CARL  RODERBOURG. 


The  Prussian  State  Railways,  including  the  Hessian  Eailways,  are 
operated  under  a  common  iinancial  administration,  have  a  length  o£ 
31,276  kilometers.  Their  rolling  stock  comprises  13,196  locomo- 
tives, 24,307  passenger  cars  and  294,636  freight  and  baggage  cars. 
The  lighting  of  the  locomotives  and  passenger  cars  has  heretofore 
been  exclusively  by  oil  gas  (Pintsch  system),  to  which  recently 
33^^  of  acetylene  has  been  added  to  increase  its  illuminating  power. 

Experiments  with  the  electric  lighting  of  the  Prussian  Govern- 
ment Railways  have  been  proceeding  for  some  time,  but  on  a  very 
small  scale,  while  various  private  railroads  in  Prussia  had  equipped 
their  trains  with  electric  lighting.  The  Prussian  Ministry  of  Rail- 
ways assumed  a  waiting  attitude  and  limited  itself  to  the  study  of 
the  experiments  made  by  other  railroads  and  particularly  those  in 
America. 

On  November  8,  1900.  there  occurred  an  event  which  brought 
forward  the  question  of  electric  train  lighting  in  its  application  to 
the  Prussian  State  Railways.  In  a  train  collision  at  Offenbach, 
near  Frankfort-on-the-Main,  a  number  of  cars  were  set  on  fire,  and 
the  conflagration  spread  with  such  rapidity  that  many  lives  were 
lost.  The  public  and  the  press  attributed  the  main  cause  of  the 
rapid  spread  of  the  fire  to  the  escape  of  gas  from  the  tanks  under 
the  cars,  a  fact  which  was,  however,  contradicted  by  the  railroad 
administration.  The  matter  was  also  officially  discussed  in  the 
Prussian  House  of  Representatives,  and  wliile  it  did  not  appear  that 
the  danger  from  the  gas  tanks  had  been  clearly  proven,  it  was 
decided  by  the  administration  of  the  Prussian  State  Railways  as  a 
result  of  this  accident  to  proceed  energetically  with  experiments  in 
the  introduction  of  electric  train  lighting. 

Privy  Councilor  Herr  Wittfeld  in  the  Prussian  Ministry  of  Rail- 
roads laid  down  the  following  fundamental  principle  to  be  followed 
in  the  experiment:  "No  automatic  switches  or  regulating  ap- 
paratus shall  be  used  in  electric  train  lighting."     Although  the 
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Prussian  State  Eailway  administration  made  no  objection  in  ex- 
ceptional cases  to  the  conduct  of  tests  with  lighting  systems  which 
did  not  comply  with  this  general  principle,  it  was  generally 
adhered  to. 

Credit  is  due  Herr  Wittfeld  and  Herr  Dr.  Biittner  of  the 
Accumulatorenfabrik  Aktiengesellschaft  that  it  was  made  pos- 
sible to  light  railroad  trains  and  single  cars  by  electricity  without 
the  use  of  automatic  regulators  and  switch  apparatus  and  without 
handling  an  excessive  weight  of  storage  batteries.  With  this  system 
electric  current  for  the  incandescent  lamps  is  produced  by  the  well- 
known  method  of  having  one  or  more  dynamos  on  the  train  itself. 
Connected  in  parallel  with  them  are  storage  batteries  hung  under 
the  cars,  which  in  case  of  need  supply  current  for  the  lamps,  and 
which  may  be  recharged  by  the  dynamos. 

Following  a  suggestion  of  Herr  Wittfeld,  Herr  Dr.  Biittner  has 
succeeded  by  the  use  of  special  apparatus  in  avoiding  variations  in 
illuminations  noticeable  to  travellers,  notwithstanding  the  difference 
in  e.m.f.  of  tlie  storage  batteries  during  charge  and  discharge,  and 
securing  constancy  of  pressure  at  the  lamp  terminals  without  special 
regulation  notwithstanding  the  variable  spred  of  the  dynamos. 

Although  there  is  a  loss  of  energy  inherent  in  the  system,  it 
offers  the  advantage  of  complete  reliability  in  operation  and  sim- 
plicity in  handling ;  and  the  Prussian  Eailway  administration  is  of 
the  opinion  that  more  importance  should  be  attached  to  this  reli- 
ability in  operation  than  to  the  increased  energy  consumption  which 
is  small  relatively  to  the  whole  train.  The  principle  of  the  con- 
stant e.m.f.  at  the  lamps  with  variable  e.m.f.  of  the  source  of 
energy  is  attained  by  the  insertion  of  very  small  iron  wire  in  the 
circuit  of  each  incandescent  lamp.  The  wire  is  in  small  glass  pear- 
shaped  globes  like  incandescent  lamps,  containing  hydrogen  gas. 
By  varying  the  pressure  of  these  gases  as  well  as  by  the  adoption  of 
a  special  spiral  form  of  wire,  the  temperature  of  the  wire  when 
current  is  passing  is  brought  to  the  proper  point.  If  an  iron  wire 
is  heated  by  electric  current  to  a  point  at  which  it  becomes  barely 
visible  in  the  dark,  its  electrical  resistance  increases  with  extraordi- 
nary rapidity  with  further  increase  of  temperature.  If  the  e.m.f. 
increases,  the  temperature  of  the  wire  increases  instantly  and  con- 
sequently its  resistance,  so  that  within  considerably  wide  limits  of 
e.m.f.  little  more  current  is  allowed  to  pass  than  in  the  case  of 
low  e.m.f. 

If  such  a  wire  is  connected  in  series  with  an  incandescent  lamp, 
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the  e.m.f.  at  the  terminals  can  be  considerably  increased  without 
subjecting  the  lamps  to  an  excessive  current.  Such  an  iron  wire  re- 
sistance had  been  previously  in  use  by  the  Allgemeine  Elektricitats 
Gesellschaft  to  steady  the  Xernst  lamps  in  the  ordinary  lighting  cir- 
cuits. Herr  Dr.  Biittner  has  first  applied  the  method  to  incandes- 
cent lamps  and  for  much  greater  variations  in  pressure. 

The  variations  in  current  which  result  from  the  insertion  of  iron 
wire  in  series  with  incandescent  lamps  is  shown  in  the  following 
table  for  various  e.m.fs. : 

Variation  of  Cukeent  with  E.M.F. 

Line  E.M.F.  Current. 

56        Volts                                                      S.O  Amp. 

8.1  " 
8.2 

8.3  « 

8.4  « 
8.4 

8.41  " 

8.43  « 

8.46  " 

8.5  « 
8.55  « 

8.6  « 


Owing  to  the  fact  that  the  variation  of  pressure  due  to  the  use 
of  storage  batteries  in  train  lighting  is  very  much  less  than  indi- 
cated in  the  above  table,  and  moreover  takes  place  slowly,  the  varia- 
tions in  the  illumination  of  the  cars  are  not  perceptible  to  the  eye 
under  such  conditions. 

Two  through  trains  connecting  Berlin  and  Hamburg  on  the 
Prussian  railway  system,  and  subsequently  two  additional  trains 
on  the  same  line,  and  finally  two  trains  between  Berlin  and  Stettin, 
were  similarly  equipped.  The  trains  are  always  operated  as  a  unit, 
and  each  train  is  equipped  with  only  one  shunt  dynamo  which  is 
mounted  on  the  boiler  of  the  locomotive  and  driven  by  a  20-hp 
De  Laval  steam  turbine. 

The  dynamo  is  coupled  to  the  reduction  shaft  of  the  turbine,  the 
turbine  disk  making  20,000  revolutions  per  minute,  while  the 
dynamo  runs  at  2000  revolutions.    The  dynamo  develops  180  amp. 
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at  GS  volts,  but  can  develop  continuously  a  greater  output  and  at 
a  higher  e.m.f.  in  order  to  charge  the  storage  batteries.  The 
storage  batteries  of  the  Accumulatoren  Fabrik  A.  G.,  Berlin,  are 
connected  in  parallel  with  this  dynamo;  a  battery  of  32  cells  with 
a  capacity  of  76  amp. -hours  at  a  3-hour  discharge  rate,  is  hung 
under  each  car.  The  storage  batteries  act  mainly  as  a  reserve;  they 
become  operative  only  when  the  locomotive  becomes  separated  from 
the  train  or  the  dynamo  should  fail  for  any  cauae. 

The  inaintenance  of  the  whole  equipment  is  very  simple.  Tho 
engine-driver  starts  his  turbine  at  a  certain  hour,  connects  the 
circuits  and  gives  no  further  attention  except  in  case  he  desirea 
to  charge  the  storage  battery  when  he  cuts  out  the  resi=tance  in 
the  Held  circuit  of  the  dynamo.  The  switching  on  of  the  lamps 
is  done  generally  by  the  porters,  partly  also  by  the  passengers. 
This  arrangement  has  operated  satisfactorily  from  the  start.  In 
the  meantime  the  Prussian  Eailroad  administration  has  gone  a 
step  further  and  for  the  following  reasons: 

The  system  under  consideration  if  adopted  on  ail  through  trains 
would  necessitate  the  equipment  of  all  the  locomotives  of  freight 
trains.  The  number  of  these  locomotives  is  much  greater  than 
the  number  of  trains  owing  to  the  fact  that  the  locomotives  are 
often  changed  on  long  hauls.  On  the  contrary  the  baggage  wagon 
at  least  accompanies  the  train  on  the  whole  run.  It  appeared  de- 
sirable on  this  account  not  to  install  the  dynamiO  on  the  locomotive 
but  in  the  baggage  car,  and  in  this  way  the  number  of  dynamos 
required  could  be  materially  reduced.  To  drive  the  dynamo  by 
any  form  of  engine  power,  a  benzine  engine  for  iiistance,  appeared 
too  complicated.  The  most  convenient  form  of  drive  is  no  doubt 
that  from  the  car  axle.  This  requires  that  the  dynamo  be  operated 
at  not  even  approximately  constant  speed. 

Furthermore,  there  are  a  number  of  through  cars,  which  in  transit 
are  transferred  from  one  express  train  to  another  in  order  to  avoid 
change  of  cars  to  the  passengers  between  main  points  having  no 
direct  express  connections.  These  through  cars  often  run  beyond 
the  jurisdiction  of  the  Prussia  State  Railways,  into  Saxony,  Bavaria, 
Switzerland,  Italy,  etc.,  etc.  If  it  is  desired  to  furnish  these  with 
electric  lighting,  it  can  be  done  only  if  they  are  equipped  each  with 
its  own  dynamo,  wdiich  must  be  adapted  to  the  various  lighting 
systems  in  use  on  the  different  express  trains  to  which  they  may 
be  coupled.  In  this  case  the  only  possible  method  of  driving  the 
dynamos  is  from  the  car  axle. 
Vol.  11  —  35 
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All  similar  systems  hitherto  Tised  are  equipped  with  a  circuit- 
breaker  wliich  interrupts  the  current  if  the  speed  of  the  dynamo 
falls  below  a  certain  limit,  in  order  that  the  storage  battery,  Avhose 
e.m.f.  is  greater  than  that  of  the  dynamo  at  low  speeds,  may 
not  discharge  into  the  dynamo.  This  circuit-breaker  is  automatic 
and  is  liable  to  derangement  on  account  of  sliock,  and  it  docs  not 
therefore  conform  to  the  Wittfcld  principle,  above  cited,  llerr  Dr. 
Biittner,  therefore,  substituted  for  it  a  so-called  unipolar  or  electro- 
lytic rectifying  cell.  The  electrodes  of  such  a  cell  consist  on  one 
side  of  aluminum,  and  on  the  other  of  any  metal  not  soluble  in 
the  electrolyte  of  the  cell.  It  is  well  known  that  aluminum  ha-s 
the  remarkable  property  of  cutting  off  a  current  even  of  several 
hundred  volts  if  sent  through  the  aluminum  into  the  electrolyte 
in  a  positive  direction,  but  allows  the  current  to  pass  almost  without 
diminution  if  the  direction  is  reversed.  The  selection  of  the  electro- 
lyte is  important,  most  of  them  in  the  course  of  time  attacking  the 
aluminum  and  destroying  the  electrode.  Others  have  the  peculiarity 
that  the  effect  of  the  aluminum  plate  ceases  when  the  temperature 
exceeds  40-50°  C.  Herr  Dr.  Biittner  has  succeeded,  after  experi- 
menting with  many  different  solutions,  in  finding  a  mixture  which 
does  not  attack  the  aluminum  plate  nor  diminish  its  efficiency  even 
should  the  temperature  rise  above  70-80°  C. 

As  a  second  electrode  he  uses  iron  plates  in  his  cells  and  these 
aluminum  cells,  which  act  as  a  check  valve  in  his  train  lighting 
system,  are  inserted  in  place  of  the  automatic  circuit-l)reakers. 
While  the  e.m.f.  of  the  dynamo  preponderates,  it  sends  current 
through  the  aluminum  cell  into  the  line.  The  dron  in  tbe  aluminum 
cell  may  then  reach  as  high  as  three  volts.  Jf  the  speed  of  the 
dynamo  diminishes  and  its  e.m.f.  falls  below  the  terminal  voltage 
of  the  battery,  the  aluminum  cell  cuts  off  the  current  and  the 
dynamo  may  come  to  rest  or  even  have  its  rotation  reversed  with- 
out permitting  current  from  the  battery  being  sent  into  the  dynamo 
and  wasted. 

An  arrangement  is  in  addition  applied  to  the  dynamo  to  provide 
for  the  case  of  a  car  going  in  the  opposite  direction,  the  commutator 
brushes  being  carried  forward  until  a  point  is  reached  at  which  the 
dynamo  generates  current  in  the  same  direction  as  before.  This 
arrangement  can  be  avoided  if.  in  accordance  with  the  suggestion 
made  to  Herr  Dr.  Biittner  by  TTerr  Liebennw.  four  aluminum  cells 
are  used  instead  of  one  in  the  conversion  of  alternating  into  dinn-t 
current.    Tn  this  case,  however,  the  drop  may  reach  six  vnli>:.     An- 
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other  arrangt'iiicnt  is  in  preparation  by  which  this  also  is  avoidccL 
The  dynalno,  which  in  general  is  designed  as  a  ?himt  machine,  is- 
supplied  with  the  su2)plenientary  main  circuit  working  on  the  fields- 
wliicli  lowers  the  e.m.f.  if  the  current  becomes  excessive.  In 
this  way  the  excessive  charging  of  the  storage  battery  at  very  high, 
speeds  is  prevented  ;  otherwise  the  arrangement  is  as  above  described. 
At  the  present  time  two  trains  are  being  operated  between  Berlin 
and  Cologne  on  wliich  the  dynamo  is  installed  in  the  baggage  wagon,, 
driven  from  the  car  axles  by  belts.  Several  through  cars  are  now 
in  construction  in  which  the  armature  of  tlie  dynamo  is  mounted 
directly  on  tlie  car  axle. 

The  following  instructions  are  given  for  the  maintenance  of  the 
(<jui})m('nt : 

(1.)  The  ball  bearings  should  be  inspected  every  two  weeks  at 
first  and  then  every  four  weeks  to  ensure  that  there  is  a  sufficient 
supply  of  vaseline.  The  ball  bearings  should  be  cleaned  and  sup- 
plied Avith  fresh  vaseline  every  six  months. 

(2.)  The  polecharger  on  the  armature  shaft  must  allow  of  easy 
motion  in  both  directions  by  turning  the  armature. 

(3.)   The  commutator  should  be  kept  round  and  smooth. 

(4.)  The  carbon  brushes  should  be  held  finnly  by  the  brush 
holders  and  impinge  on  the  commutator  with  a  gentle  pressure. 

(5.)  The  belt  should  be  tested  particularly  at  the  joint  to  con- 
firm its  satisfactory  operating  condition. 

(G.)  The  wood  driving  pulley  should  be  inspected  as  regard- 
tightness  on  the  shaft. 

(7.)  The  screw  shaft  of  the  belt  tightener  should  be  properly  oiled 
and  after  tightening  of  the  belt  should  be  secured. 

(8.)  The  dynamo  bearings  must  not  heat  so  as  to  be  uncomfort- 
able to  the  touch.  If  a  bearing  heats,  the  belt  should  be  slackened 
until  the  dynamo  no  longer  rotates.  The  storage  batteries  should 
bfl  handled  in  accordance  with  the  specific  instructions.  The  specific 
gravity  of  the  solution  should  be  ineasured  every  eight  days  in  order 
to  ascertain  if  the  batteries  have  received  sufficient  charge  while 
en  route.  Tf  the  specific  gravity  of  the  solution  is  too  low.  the 
e.m.f.  of  the  dynamo  should  be  increased.  Tf  the  car  follows 
a  new  route,  it  is  recommended  that  a  measurement  be  made  at  the 
end  of  eacli  trip. 

With  regard  to  the  proper  treatment  of  the  polarising  cell,  it  is 
of  importance  to  keep  the  plates  always  covered  with  the  electrolvte 
by    about    half-an-inch.      For    replenishing    the    cell,    use    liquid 
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ammonia  of  0.9-i  sp.  g.  This  becomes  necessary  about  every  3  —  8 
■days  according  to  use.  When  the  cell  becomes  heated  in  opera- 
tion, it  allows  current  to  go  through  it,  and  liquid  ammonia  must 
be  added  more  frequently.  Should  the  cell  become  much  heated, 
the  electrolyte  must  be  renewed.  The  old  electrolyte  can  be  used 
again  after  it  has  cleared.  When  a  car  equipped  with  a  polarising 
cell  is  to  be  used  again,  after  a  period  of  rest,  the  electrolyte  in  the 
polarising  cell  must  first  be  mixed  with  liquid  ammonia.  After 
this  is  done  a  resistance  must  be  inserted  between  the  storage 
'battery  and  the  polarising  cell.  For  this  purpose  the  switchboard 
'Carries  a  switch  which  is  labeled  "  polarising  cell."  This  process 
imust  always  be  carried  out  as  stated,  because  otherwise  at  the  first 
mioment  a  large  current  would  go  through  the  polariser. 

As  the  illumination -of  the  cars  is  very  abundant,  and  as  special 
reading  lamps,  which  can  be  switched  on  or  ofE  by  the  passenger, 
are  attached  to  the  backs  of  the  division  between  every  two  seats,  the 
electric  lighting  of  the  trains  is  very  popular  witli  the  public,  and 
in  a  number  of  instances  letters  have  been  sent  to  the  Eoyal  Prussian 
Ministry  of  Eailways  expressing  appreciation  of  tbe  improvement. 
The  administration  is  much  pleased  Avith  the  experiments  and  is 
proceeding  steadily  with  the  equipment  of  additional  trains  and 
single  cars.  It  is  therefore  probable  that  the  Prussian  Railwavi; 
Department  will  gradually  equip  all  of  its  trains  with  the  electric 
light,  and  that  electricity  will  in  the  near  future  achieve  in  this 
field  also  a  victory  over  all  other  methods  of  illumination. 

Discussion. 

Chairman  Lieb:  The  paper  before  you  is  an  interesting  one,  giving  in 
outline  what  has  been  done  in  Germany  in  the  matter  of  electric  train 
lighting.  The  system  described  has  the  features  of  simplicity  and  success, 
and  is  an  example  of  those  cases  where  merely  theoretical  efficiency  does 
not  necessarily  handicap  a  very  valuable  application. 

Col.  R.  E.  B.  Cromptox:  Twenty-two  years  ago  the  question  of  train 
lighting  by  electricity  was  considered  by  me  among  other  manufacturers 
of  electrical  apparatus  to  be  of  great  importance  to  us.  Even  then  the 
opinion  was  held  in  England  that  the  Pintsch  system  of  gas  lighting  was 
dangerous,  on  account  of  risk  of  fire  to  the  passengers,  but  I  think  this  has 
been  since  found  to  be  untrue.  The  gas  lighting  of  railway  carriages  is 
so  satisfactory  in  England  that  it  is  not  easy  for  electricians  to  persuade 
railway  companies  to  change  from  that  system  in  order  to  adopt  electric 
lighting,  which  after  all  does  not  present  such  very  great  advantages.  At 
the  time  that  my  firm  discontinued  strenuous  efTorts  to  push  electric  train 
lighting,  we  had  arrived  at  the  conclusion  that  the  complications  of  pro- 
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viding  generating  machinery  attached  to  one  portion  of  the  train  ought  to 
be  avoided.  That  if  we  wished  to  light  all  railways  on  a  simple  and  inter- 
changeable system,  it  would  be  advisable  to  set  up  a  single  accumulator 
system  throughout,  and  provide  standard  boxes  of  accumulators  which 
could  be  pushed  into  position  in  proper  receptacles  made  in  all  the  cars 
at  a  sufficient  number  of  charging  depots  which  would  be  provided  ut  suit- 
able intervals  along  all  lines  of  railway. 

Prof.  G.  F.  Sever:  I  might  add  a  brief  outline  of  the  situation  in  this; 
country.  The  scheme  seems  to  be,  in  two  systems  that  we  have,  to  operate 
a  dynamo  from  the  car-axle,  and  use  the  system  in  conjunction  with  storage 
batteries  carried  on  each  car.  We  also  have  another  scheme,  which  is  in 
use  on  some  of  the  through  trains  between  Chicago  and  New  York,  and  out. 
of  Chicago  in  the  other  direction,  of  a  steam  engine  running  a  dynamo. 
in  the  baggage  car  and  lighting  the  train  without  the  use  of  storage  bat- 
teries. When  the  train  pulls  into  the  station,  connection  is  made  to  the 
local  lighting  system,  on  account  of  the  engine  not  receiving  any  steam 
from  the  locomotive.  But  the  axle-lighting  scheme  seems  to  be  the 
predominating  one,  and  the  one  which  is  being  introduced  most  extensively 
in  this  country.  Both  of  these  systems  are  exhibited  at  the  Exposition 
in  the  Palace  of  Electricity. 

Chairman  Lieb:  If  there  is  no  further  discussion  on  the  paper  under 
consideration,  we  will  proceed  to  the  paper  on  "  Insulating  Materials  in 
High-Tension  Cables,"  by  Mr.  E.  Jona  of  Italy. 

Mr.  Jona  then  read  his  paper. 


INSULATING  MATERIALS  IN  HIGH-TENSION 
CABLES. 


BY  E.  JONA,  Delegate  of  Associazione  Elettrotccniva  Ituliana. 


We  have  now  in  operation  plants  working  at  50  to  60  kilo- 
volts,  with  aerial  lines.  It  is  said  that  some  will  be  installed  at 
80  kilovolts  or  even  higher,  but  I  do  not  l)elieve  there  is  any  manu- 
facturer ready  to  furnish  cables  for  such  high  tension,  although, 
of  course,  every  manufacturer  has  occasionally  had  samples  of 
cables  tested  as  high  as  100  kilovolts,  without  perforating  them. 

Let  us  take  a  glance  at  the  conditions  of  manufacturing  such 
very  high-tension  cables. 

First,  as  to  some  theoretical  difficulties.  Let  us  suppose  for 
the  sake  of  simplicity,  a  single-core  lead-covered  cable  with  the 
following  data:  r  =  radius  of  solid  copper  wire;  5  =  thickness  of 
the  insulation;  r-^s  =  R  external  radius  of  the  insulation.  An 
alternating  current  is  flowing  through  the  cable,  at  a  tension  V. 
In  the  limits  of  ordinary  frequencies,  we  can  speak  of  potential, 
and  use  the  electrostatic  laws  in  any  section  whatever  of  the  cable. 
The  potential  at  a  point  P  (Fig.  1)  at  a  distance  p  from  the 
center  will  be  then  : 

log:? 

"  =  ^r^ (1) 

log  — 
*  r 

Differentiate  (1)  with  respect  to  p,  taking  decimal  logarithms, 
and  we  get: 

dv        0.434  F  ,-v 

dp-       ,      Ji ^^^ 

r 

-—      is  the  gradient  of  the  potential,  or  its  variation  along  the 
dp 

r.idius.     If  we  refer  the  dielectric  strength  of   materials  to  the 

millimeter  as  unit  of  thickness   (and  assume  for  example  that  a 

given   material   can   stand    10,000   volts   per   mm   thickness)    and 

[.-,50] 
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express  our  formula  in  mm,  will  be  the  puncture  stress  on 

d  p 

the  dielectric  per  mm,  at  the  point  considered.     It  must  be  less 
than  the  dielectric  strength  in  order  not  to  have  a  break-down; 


Fig.  1. 

in  our  example,  it  must  always  be  less  than   10,000  volts  per 
millimeter. 

In  the  formula  (2)  putting  r=/)    we  have 

^)rf^ (') 

'^         r  log — 

This  is  the  stress  on  the  small  dielectric  layer  immediately  sur- 
rounding the  inner  conductor.     For  />  =  R 

«*^  (4) 


IchA   _  0. 
\dpi  R       „ 


"""^^'^      72  log  i^ 

the  stress  on  the  small  dielectric  layer  near  the  outer  lead. 

It  is  to  be  remarked  that  the  stress  is  greatest  in  contact  with 
the  conductor,  and  minimum  in  contact  with  the  outer  lead;  and 

the    latter    is    precisely    equal    to    the    former    multiplied    by  -^ 

r  is  generally  very  small  in  high-tension  cables,  and  R  very 
large.  There  is  thus  a  very  great  difference  in  the  stress  on  the 
different  small  dielectric  layers,  the  most  internal  of  which  must 
support  a  tension  three,  four,  five  times  that  of  the  external  layer. 

There  is  a  certain  value  of  r  for  which  the  maximum  stress  (~\ 

Up], 
is  as  small  as  possible,  for  a  given  R;  we  obtain  this  value  of  r 

n 

by  equating  to  zero  the  derivate  of  rlog  —  with  respect  to  r. 
Hence  we  have: 

e  2771' (^^ 
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I  shall  consider  later  the  very  frequent  case  where  the  conductor 
is  not  a  solid  wire,  but  a  stranded  one,  and  the  relative  formulas 
for  any  stranded  conductor. 

These  brief  considerations  point  to  the  conclusion  that  doubling 
the  thickness  of  the  dielectric  by  no  means  allows  of  doubling  the 
dielectric  stress  on  the  cable;  for  the  strength  increases  much 
less  than  the  increase  of  thickness.  Practically,  for  the  sake  of 
manufacturing,  handling,  etc.,  we  cannot  use  too  great  thicknesses, 
especially  if  we  consider  also  the  weight  of  lead  and  armoring. 
If  we  admit  that  a  homogeneous  dielectric  in  a  cable  is  punctured 
as  soon  as  the  stress  surpasses  in  some  point  the  dielectric  strength, 
we  see  immediately  the  enormous  advantage  of  using  materials  of 
very  high  specific  strength.  In  fact,  if  we  can  with  safety  allow 
the  material  to  be  worked  at  w  volts  per  mm,  the  formula  (3)  gives 
us  immediately  the  thickness  required. 

0.434  F        ,            ,        „                     V 
^  = ^    whence  log  i2  =  0.434 log  r (6) 

r  log  —  ^"^ 

This  formula  tells  us  that  R  diminishes  rapidly  by  augmenting  w. 

A  numerical  example  will  illustrate  this  better.  Let  r  =  10  mm 
and  y  =20^000  volts;  and  suppose  we  have  at  our  disposal  an 
insulating  material  able  to  stand  12,000  volts  per  mm  and  another 
for  only  8000  volts  per  mm.  Let  us  take  the  same  factor  of 
safety,  say  one-fourth,  in  both  cases;  that  is,  we  work  at  a  maximum 
of  3000  volts  per  mm  for  the  former,  and  2000  volts  for  the  latter. 

In  the  first  case  we  ought  to  have  a  thickness  of  9.45  mm  and 
in  the  second  17.20  mm.  -The  volumes  of  the  insulation  are  re- 
spectively 875  mm%  and  2000  mm^;  they  are  in  the  ratio  of 
1  to  2.28  whilst  the  ratio  of  the  dielectric  strengths  is  as  1 :  1.5. 
In  this  example  the  volumes  of  the  insulation  vary  almost  in- 
versely as  the  squares  of  the  dielectric  strength. 

In  a  40,000-volt  cable,  with  r=10,  and  w;  =  3000  V  per  mm, 
we  ought  to  have  an  insulating  thickness  of  Q>&  mm;  that  is,  a 
thickness  impossible  in  practice.  We  see  that,  in  this  case,  doubling 
the  working  tension  compels  us,  cceteris-paribus,  to  use  seven 
times  the  previous  thickness.  Hence  it  is  obvious  that  it  is  not 
possible  to  manufacture  40,000-volts  cables,  with  a  material  work- 
ing with  safety  only  to  3000  volts  per  mm. 

Two  insulating  materials  are  now  principally  competing  in  the 
field  of  high-tension   cables  • —  vulcanised   rubber   and   paper   im- 
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pregnated  with  rosin  and  oil  mixtures.  Both  have  their  partisans 
and  their  opponents.  Paper  insulation  has  made  great  progress  in 
the  last  few  years.  The  utility  of  using  good  manilla  paper,  laid 
on  in  thin  and  regular  layers,  without  wrinkles  and  crumpling, 
has  been  recognized,  and  also  the  utility  of  having  it  properly  des- 
picated,  at  a  moderate  temperature,  in  a  vacuum,  and  impregnated 
with  a  compound  of  rosin,  or  wax,  or  asphalt,  with  mineral,  or 
castor,  or  linseed,  or  some  other  oil,  that  does  not  become  brittle 
or  pulverise  with  age.  But  rubber  also  has  made  progress;  and  if 
some  feared  formerly  that  it  could  decay  with  age,  it  is  now 
certain  that  first-class  rubber  cables,  well  vulcanised  and  removed 
from  the  influence  of  brush  discharges  in  the  air,  or  not  alter- 
nately dry  and  wet,  will  last  indefinitely. 

Eubber  has  a  dielectric  strength  much  higher  than  impregnated 
paper.  Testing  good  rubber  cables  in  such  lengths  as  to  include 
the  inevitable  irregularities  of  manufacture,  with  tensions  pro- 
gressively increasing  and  subjected  to  dielectric  strain  at  least  one 
hour,  we  can  easily  obtain  for  the  rubber  a  dielectric  strength  of 
12-15  kilovolts  per  mm.  Paper  in  the  same  conditions  would  only 
stand  8-10  kilovolts  per  mm.  These  numbers  represent  as  good  an 
average  as  we  can  reach  in  normal  manufacturing;  it  is  not  rare 
to  find  20-30  per  cent  more,  or  even  higher  percentages,  but  we  can- 
not reckon  upon  these.  The  higher  dielectric  strength  of  rubber 
brings  us  to  the  conclusion  that  the  use  of  rubber  for  very  high 
tension  will  extend  more  and  more. 

A  cause  of  inferiority  of  the  rubber  is  the  lesser  homogeneity 
of  its  products.  It  is  not  uncommon  to  find  that  two  cables  manu- 
factured in  the  same  manner,  with  the  same  quality  of  rubber, 
afford  a  very  different  resistance  to  perforation  —  a  difference, 
say,  of  30-40-50  per  cent.  Paper  cables  are  more  homogeneous.  The 
figures  relative  to  dielectric  strength  given  above  are  the  result  of 
a  great  number  of  tests  made  by  the  author  on  cables  of  various 
makers.  They  do  not  take  account  of  some  exceptionally  high 
strengths;  I  found  some  pieces  of  rubber  cable  to  withstand  20-25 
kilovolts  per  mm.  The  elasticity  of  rubber  gives  it  a  great  superior- 
ity over  paper.  A  paper  cable  with  large  thickness  of  paper  cannot 
be  easily  bent,  especially  in  cold  weather,  owing  to  cracking;  on 
the  other  hand,  the  manufacture  of  concentric,  or  stranded,  mul- 
tiple-core cables  is  simpler  in  the  case  of  paper  cables,  for  the  in- 
sulating material  can  be  uniformly  distributed  in  the  interspaces 
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among  the  conductors,  which  remain  buried  in  the  insulator. 
This  is  not  possible  with  rubber. 

The  great  success  of  paper  cables  is  a  consequence  of  their 
lower  price.  But  very  high  tensions  require  such  a  greater  thick- 
ness of  paper,  that  the  cost  of  the  paper  added  to  the  extra 
price  for  the  larger  quantity  of  lead,  steel,  tape,  etc.,  permits  the 
rubber  to  win  in  the  competition. 

The  problem  of  manufacturing  high-tension  cables  would  be 
simpler  if  the  gradient  of  the  potential  within  the  body  of  the 
insulator  was  constant.  Suppose  a  38-mm-  cable  insulated  to 
14.5  mm  outer  radius,  and  working  at  25,000  V.  The  layer 
near  the  copper  supports  a  strain  of  5,000  volts  per  mm,  while 
near  the  lead  the  stress  is  only  1200  volts  per  mm.  Should  the 
stress  be  constant  throughout,  each  layer  of  1  mm  would  sup- 
port a  strain  of  2270  volts,  and  the  cable  would  be  much  safer. 
We  could  then  also  diminish  the  thickness  of  the  insulation  to, 
say,  5  mm,  letting  every  layer  work  at  5000  volts. 

This  ideal  condition  of  uniform  gradient  we  can  seek  to  reach 
ill  practice.  A  similar  proposal  was  made  by  Mr.  0' Gorman  in 
a  highly  interesting  paper,  read  before  the  I.  E.  E.  London,  on 
March,  1901;  but  it  is  difficult  to  imagine  how  Mr.  O'Gorman's 
system  can  be  practically  applied.  It  consists  chiefly  in  embedding 
the  layers  of  paper  more  or  less  in  some  oils  (like  castor  oil) 
according  to  their  distances  from  the  center ;  so  that  the  inductive 
capacity  of  any  layer  is  in  inverse  ratio  to  these  distances. 

Without  claiming  to  get  an  absolutely  constant  gradient,  we  can, 
therefore,  try  to  have  the  potential  better  distributed  along  the 
radius  of  the  insulation,  and  at  the  same  time  use  in  the  proper 
place  materials  having  greater  dielectric  strength,  by  making  the  in- 
sulating layers  of  different  materials  specially  chosen.  This  method 
I  studied  and  applied  to  the  manufacture  of  high-tension  cables, 
as  early  as  1898.  Such  cables,  consisting  of  conductors  first  in- 
sulated with  several  layers  of  rubber,  on  which  were  wound  layers 
of  paper  or  jute,  were  patented  by  ^lessrs.  Pirelli  &  Company, 
March,  1900.  A  cable  of  this  kind  was  working  at  25.000  volts, 
during  the  Paris  Exhibition  of  1900. 

The  specific  inductive  capacity  of  paper  cables  varies  from  3 
to  4,  according  to  the  type  of  paper  and  mixture  adopted.  The 
inductive  capacity  of  paper  is  about  2;  that  of  rosin  2  to  3,  accord- 
ing to  its  origin;  and  mixtures  of  rosin,  oil,  paraffin,  ozokerite. 
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aud  other  materials,  have  a  capacity  3  to  4,  or  even  more.  For 
example,  lubricating  oil  55  parts,  rosin  560,  paraifine  224,  ozoker- 
ite 160,  have  a  s.i.  capacity  of  3.6;  oxydized  linseed  oil  90,  rosin 
370,  Arkangel  pitch  70,  have  4.4;  Arkangel  pitch  itself  has  5.9;  a 
mixture  with  Gallipot,  instead  of  rosin  —  for  example  Gallipot  6;J0, 
Arkangel  pitch  110  and  linseed  oil  130 — have  4.8;  a  mixture  of 
lubricating  oil  9,  rosin  52,  black  ozokerite  23,  white  ozokerite  16, 
have  only  3.55. 

It  appears  from  these  figures  that  it  is  possible  to  have  a  large 
range  of  inductive  capacity  with  paper  cables.  But  as  they  are  im- 
pregnated in  mass,  the  entire  mass  has  the  same  s.i.c.  unless  we 
change  the  type  of  paper,  by  using,  for  example,  paper  loaded  with 
some  materials,  as  suggested  very  ingeniously  by  Mr.  O'Gorman ;  but 
I  do  not  know  if  he  succeeded  in  doing  so.  On  the  contrary,  it  is 
easy  to  use  different  rubbers  liaving  very  varied  s.i.c,  for  rubber 
is  put  on  in  successive  layers  which  can  be  quite  different  one 
from  another,  and  which  have  no  tendency  to  mingle  togotlier, 
either  during  or  after  manufacture.  The  cables  I  alluded  to  are 
manufactured  with  layers  of  various  qualities  of  rubber  in  the 
inner  part  of  the  insulation ;  but  as  soon  as  the  gradient  of  potential 
becomes  so  diminished  as  to  allow  the  use  of  paper,  the  insulation 
is  continued  with  paper,  and  after  the  paper  with  jute,  if  the 
gradient  is  sufficiently  low  to  allow  the  use  of  jute.  The  ruliber 
insulation  is  generally  first  vulcanized  and  the  conductor  tested 
in  water,  as  usual,  before  adding  the  outer  layers  of  paper  and 
jute. 

Pure  vulcanised  rubber  has  an  inductive  capacity  something  like 
3  as  an  average;  but  it  is  very  easy  to  "load"  the  rubber  with 
large  quantities  of  extraneous  materials,  which,  without  sensibly 
lessening  its  specific  dielectric  strength,  augment  the  capacity 
very  much.  A  rubber  with  58  per  cent  para,  2  per  cent  sulphur, 
26  per  cent  talc  and  14  per  cent  oxide  of  zinc,  has  a  dielectric 
strength  comparable  to  that  of  pure  vulcanized  para  (15-20  kilo- 
volts  per  mm)  ;  and  a  specific  inductive  capacity  of  4—4.2. 
A  rubber  with  64  per  cent  para,  8  per  cent  sulphur,  16  per  cent 
talc,  8  per  cent  minium.  4  per  cent  oxide  of  zinc  has  about  the 
same  dielectric  strength  as  above  mentioned,  while  its  specific 
capacity  reaches  5.  A  rubber  largely  loaded  with  sulphur  and 
talc,  for  example  para  100.  talc  40,  and  sulphur  40,  has  a  capacity 
as  high  as  6.10,  with  a  dielectric  strength  of  the  same  order  of 
magnitude  as  before.     A  mixture  of  para  40,  carbonate  of  lime  55, 
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sulphur  5,  has  a  s.i.c.  of  4.6.  Very  large  variations  of  capacity, 
accompanied  by  high  dielectric  strength,  are  obtained  by  loading 
rubber  with  more  or  less  sulphur  and  golden  sulphurate  of  antimony 
still  remaining  first-class  rubber.  Much  larger  capacities,  10-12, 
are  to  be  obtained,  of  course,  by  using  very  large  percentages  of 
India  rubber  substitutes,  and  gypsum,  lime,  baryta,  etc.;  but  we 
then  arrive  at  inferior  classes  of  rubber,  Avhich  have  not  a  di- 
electric strength  to  be  compared  with  the  above-mentioned  com- 
binations. 

It  is  very  easy  to  manufacture  rubber  cables  with  layers  disposed 
in  the  order  of  decreased  specific  capacity,  from  the  center  to 
the  circumference.  These  cables  will  afford  a  more  uniform  gradi- 
ent to  an  alternating  current,  and  hence  more  safety,  with  equal 
thickness.  By  using  paper  on  the  rubber,  as  above  explained,  we 
concentrate  the  more  costly  rubber  insulation  in  the  inmost  part  of 
the  cable,  where  its  higher  specific  strength  is  actually  utilised. 

A  single-core  cable  made  by  this  method  for  50  kilovolts 
effective  tension,  between  the  copper  and  the  outer  sheathing, 
has  the  following  specifications:  Conductor,  19-wire  strand,  each 
wire  3.3  mm  diameter;  section  of  copper  162  sq.  mms.  The 
strand  is  put  in  a  lead  tube  having  18  mm  outer  diameter. 
It  is  insulated  with  a  first  layer  of  rubber,  2.5  mm  thick,  having 
a  specific  inductive  capacity  of  6.1 ;  then  with  a  second  and  a 
third  layer  of  rubber  of  respectively  2.3  and  4.5  mm  thick  and 
4.7-4.2  s.i.c.  On  the  rubber  there  is  a  layer  of  impregnated  paper 
5.2  mm  thick,  having  an  s.i.c.  of  4.  The  cable  is  then  lead  covered. 
The  total  thickness  of  insulation  is  14.5  mm. 

At  50,000  volts,  the  maximum  strain  in  the  first  layer  of  rubber 
is  4400  volts  per  mm;  in  the  second  layer  it  is  4450  volts,  in 
the  third  4150  volts  and  in  the  paper  3250  volts  per  mm.  With 
a  homogeneous  dielectric,  the  maximum  strain  would  be  5800 
volts.  This  cable  was  tested  for  one  hour  at  each  of  the  following 
voltages:  35,000  effective  volte,  40,000.45,000,50.000,55,000.60,000, 
65.000,  70,000,  75,000,  80,000,  85,000,  90,000,  95,000  and  four 
hours  at  100,000  volts  without  perforation.  After  the  80.000 
volts  test,  its  temperature  was  a  few  degrees  higher  than  ihat  of 
the  room  :  and  after  four  hours  at  100.000  volte.  20  deg.  C.  higher.* 

1.  In  order  to  have  the  same  maximum  stress  of  4400  volts  with  a 
homogeneous  dielectric,  the  thickness  ought  to  be  23.04  mm;  the  outside 
radius  would  be  32  mm  and  the  total  volume  of  insulation  would  be 
doubled. 


JO}iA:     INSULATING  MATERIALS. 


55T 


The  distribution  of  the  potential  in  such  a  cable  is  easily  cal- 
culated. Suppose  between  the  conductor  A  (Fig.  2)  and  the  lead 
B,  a  number  n  of  cylindrical  rings  possessing  respectively  a  dielec- 
tric constant  Sj^  where  li  varies  from  1  to  n;  the  ring  ^  is  limited' 
by  the  radius  ^jj _  j  and  r^;  let  V  be  the  total  voltage.  The  potential- 
at  a  point  P  at  a  distance  p^  in  the  compartment  ^j^  is  given  by:r 
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■which,  for  a  single  homogeneous  insulation  becomes  v=  Y- 


1      ^ 

Jog- 
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as  before. 

The  above  considerations  have  a  somewhat  too  theoretical  appear- 
ance, and  it  is  convenient  to  have  them  submitted  to  the  test  ol 


Fig.  2. 


experiment.  As  for  the  distribution  of  potential  along  a  radius  of 
insulation,  there  can  be  no  doubt;  and  experience  confirms  it 
perfectly.  Experiment  confirms  also  tlie  distribution  in  an  hetero- 
geneous dielectric,  taking  into  account  the  various  specific  in- 
ductive capacities  of  the  layers.  But  experiment  gives  some  un- 
expected results  when  we  consider  the  perforation  of  the  cable. 
The  system  I  follow  is  to  attach  the  cable  to  a  large  transformer, 
the  potential  of  which  is  gradually  raised  until  the  cable  is  per- 
forated; but  any  potential  is  applied  to  the  cable  for  one  hour  or 
more,  before  raising  it.  It  is  then  also  possible  to  note  the  heating 
of  the  cable  for  hysteresis  or  conductivity.  The  short  piece  perfor- 
ated is  then  cut  off,  and  a  test  is  applied  to  the  remainder,  raising 
the  potential  until  a  new  perforation,  and  so  on.  The  first  thing 
to  be'  noted  is  that  results  are  not  uniform.     A  length  of  cable 
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begins,  for  example,  to  be  perforated  at  10,000  volts,  but  the 
following  perforations  require  12-15  and  more  kilovolts.  That 
means  that  our  dielectrics  are  not  homogeneous,  while  perfect 
homogeneity  is  presupposed  in  our  formulae.  Another  experimental 
fact  is  the  following:  Let  us  insulate  a  copper  wire  of  1/10  nun 
diameter,  with  7  mm  thickness  of  rubber,  and,  in  the  same  manner, 
a  strand  of  70  wires,  each  of  0.25  mm  with  the  same  thickness  of 
T  mm;  the  former  will  be  perforated  at  10,0C0  volts,  the  latter  at 
22,000.  The  latter  is  a  thicker  conductor,  and  our  formula  shows 
that  a  thicker  conductor  supports  more  stress  with  the  same  thick- 
ness of  insulation.  But  if  we  calculate  with  our  formula  the  maxi- 
mum specific  stress  in  contact  with  the  conductor  —  that  is  to 
say  the  stress  which  we  think  will  cause  a  perforation  —  we  find  it 
to  be  12  kilovolts  per  mm  for  the  thicker  conductor,  and  32  for  the 
tlnnner  one.  Similarly,  I  have  insulated  with  the  same  thickness 
oi'  14  mm  of  paper,  a  conductor  of  1  mm  and  another  of  29  mm; 
the  former,  after  one  hour  at  30,000  volts,  was  very  hot  and  burnt 
ai  40,000 ,  the  latter,  after  one  hour  at  50,000  volts,  was  still  cold 
and  burnt  at  75-80  kilovolts.  The  maximum  specific  strain  cal- 
culated is  10,000  volts  for  the  thicker,  and  23,500  volts  for  the 
thinner  conductor.  These  strains  of  23,500  volts  per  mm  for  the 
paper  and  32,000  volts  per  mm  for  the  rubber,  are  abnormally  high ; 
and  the  higher  specific  dielectric  strength  (apparent  or  real,  I  do 
not  know  which)  that  I  always  observed  in  thin  insulated  wires, 
-shows  that  some  other  phenomenon  exists  in  the  dielectric. 

Our  formula,  perhaps,  lacks  recognition  of  the  mutual  action 
of  the  different  dielectric  layers.  We  imagine  the  dielectric  divided 
into  concentric  rings,  for  which  we  calculate  the  strain;  and  if  it 
■surpasses  the  dielectric  rigidity  we  have  assigned  to  the  dielectric, 
nve  say  that  it  will  be  perforated.  Each  ring  is  not  influenced  by 
■the  others,  according  to  this  manner  of  viewing  the  phenomenon, 
lexcopt  for  the  distribution  of  potential;  afterward  it  is  consid- 
ered as  neither  helped  by  nor  helps  the  others.  That  is,  perhaps. 
too  statical  a  conception  :  dynamical  influences  are  not  considered 
here,  but  perforation  is  dynamical.  It  requires  a  certain  amount 
of  energy,  which  is  spent  not  only  in  the  first  layer  we  have  con- 
sidered, but  also  in  the  others.  The  layers  cannot  then  be  ab- 
solutely independent.  Let  us  take,  for  example,  a  sort  of  con- 
centric cable,  the  inner  conductor  made  with  a  copper  wire  4  mm 
til  irk,  insulated  with  jute  to  8  mm  :  on  the  jute,  a  thin  brass  tape 
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represents  the  outer  conductor,  insulated  with  a  layer  of  3  mm 
vulcanised  rubber;  the  cable  is  then  drawn  into  a  lead  pipe.  Apply 
an  8000-volt  transformer  between  the  inner  conductor  and  the 
lead,  leaving  the  brass  tape  insulated.  At  this  tension  the  jute  is 
perforated,  between  the  copper  and  the  brass  tape;  the  jute  is  thus 
put  out  of  service,  and  the  total  tension  is  brought  on  the  rubber, 
which  supports  it  very  well.  If  we  calculate  the  initial  distribution 
of  the  potential,  we  see  that  the  strain  on  the  jute  was  3300  volts, 
which  is  too  much  for  this  kind  of  insulation,  which  will  burn. 
The  layer  of  rubber  cannot  give  any  help  to  jute  in  this  condition, 
for  brass  tape  separates  it  from  jute. 

But  if  we  make  a  cable  absolutely  like  this,  but  without  the  brass 
tape,  the  phenomena  are  quite  different.  No  doubt  the  distribution 
of  potential  and  the  gradient  are  unchanged.  Let  us  put  in  cir- 
cuit an  electrodynamometer  to  measure  the  capacity  current,  and 
we  shall  have  the  following  readings  at  the  respective  tensions : 
Volts  5000       7000       9000       11,000       13,000       15,000 

Deflection  33  63         105  150  220  297 

The  deflections  are  in  the  ratio  of  the  squares  of  the  tensions, 
whence  we  deduce  that  the  capacity  of  the  cable  remained  un- 
alterated,  under  current,  after  many  hours  testing,  at  potentials 
much  higher  than  before.  If  the  jute  was  perforated,  burnt,  or 
carbonized,  the  capacity  ought  to  have  increased,  and  the  deflections 
would  have  increased  more  than  according  to  a  simple  square  law. 

This  mutual  aid  explains  why  it  is  possible  to  mix  together  very 
different  materials  and  get  good  dielectrics.  For  example,  there  are 
the  various  mixtures  of  rubber,  or  the  micanite  insulations,  where 
many  layers  of  different  capacity  and  strength,  such  as  paper,  mica, 
shellac  are  wrapped  alternately.  But  if  we  exaggerate,  we  shall 
end  by  burning  the  weakest  dielectric  layers,  without  perforating 
all  the  cable,  which  still  continues  to  work. 

Such  a  phenomenon  occurs  in  dielectrics,  especially  when  of 
organic  matters,  which  are  never  homogeneous.  By  testing  them 
at  too  high  tensions,  as  required  by  some  engineers,  we  may 
destroy  the  more  strained  and  weaker  particles  of  the  dielectric, 
without  immediately  perceiving  it.  We  have  thus  an  idea  of  the 
reason  opposing  too  severe  voltage  testings,  which  may  produce 
deterioration  in  the  dielectric. 

If  we  calculate  with  our  formulae  the  thickness  required  to 
insulate  for  50,000  volts,  a  wire  of  0.1  mm  diameter,  assuming 
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we  allow  the  dielectric  to  work  at  4000  volts  per  mm,  we  find 
a  number  which  can  be  expressed  in  millions  of  kilometers  better 
than  in  millimeters.  Such  a  bare  wire  suspended  by  insulators 
in  air  can  effectively  transport  energy  at  50,000  volts,  although 
air  has,  of  course,  much  less  dielectric  strength  than  rubber.  But 
if  we  observe  the  wire  in  the  darkness,  we  remark  that  it  becomes 
illuminated.  It  is  surrounded  by  a  very  vivid  brush  discharge, 
and  the  wire  has  the  appearance  of  a  uniform  cylinder  of  light  of 
great  diameter.  We  can  consider  that  air  has  become  a  conductor, 
as  regards  the  distribution  of  the  potential,  to  the  limit  of  the 
brush  discharge;  and  we  have  no  longer  a  conductor  of  0.1  mm 
diameter,  but  one  having  the  diameter  of  the  brush  discharge. 
Even  if  we  suppose  this  latter  to  be  only  5-6  mm,  the  millions  of 
kilometers  are  reduced  to  two  meters.  That  is,  a  wire  of  0.1  mm 
suspended  in  the  air,  two  meters  from  the  earth,  will  oe  the  seat 
of  a  brush  discharge  having  an  apparent  diameter  of  5--6  mm  when 
brought  to  50,000  volts,  if  we  suppose  air  has  a  dielectric  strength 
of  4000  volts  per  mm. 

Such  a  phenomenon  can,  perhaps,  occur  in  solid  dielectrics,  when 
the  conductor  is  very  thin ;  perhaps  the  very  first  layers  of  insulation 
become  conductors  as  regards  the  distribution  of  the  potential.  This 
m.ay  explain  the  higher  dielectric  strain  supported  by  very  thin 
insulated  wires  to  which  I  referred  above.  This  fact  can,  perhaps,  be 
explained  also  by  a  deficiency  of  adherence  between  the  dielectric 
and  such  a  thin  conductor ;  or,  perhaps,  by  some  particular  phenome- 
non on  the  surface  of  separation  between  conductor  and  dielectric, 
of  which  we  have  many  examples  in  other  branches  of  physics. 

The  influence  of  the  diameter  of  the  conductor  on  the  total 
strength  of  a  cable  can  be  very  well  placed  in  evidence  by  taking 
air  as  an  insulator.  If  we  have  an  aerial  line  on  insulators,  1^ 
meters  from  the  earth,  with  wires  of  different  diameter,  say  from 
0.12  to  15  mm,  and  attach  this  line  to  one  pole  of  a  transformer, 
the  other  pole  of  which  is  attached  to  an  insulated  distant  line,  we 
remark  that  at  a  total  tension  on  the  transformer  of  1.2,000  volts, 
only  the  0.120-mm  wire  commences  to  show  brush  discharges,  and 
that  this  phenomenon  appears  only  at  185,000  volts  with  a  12-nim 
wire,  while  at  196,000  volts  the  15-mm  wire  does  not  yet  show 
brush  discharges.  (Fig.  3.)  Under  tension,  all  the  wires  exam- 
ined in  the  darkness  appear  to  have  about  the  same  diameter,  which 
is  the  one  that  reduces  the  gradient  below  the  dielectric  strength 
of  the  air. 
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Air  is  a  good  dielectric  for  such  researches,  for  we  can  see  what 
happens  in  the  dielectric.  Thus,  if  we  submit  a  solid  wire  and 
stranded  or  braided  wire  having  all  the  same  external  size,  to  a 
very  high  potential,  we  do  not  see  any  great  difference  in  the  poten- 
tial at  which  brush  discharge  commences.  We  can  then  foretell 
that  the  dielectric  strength  of  a  cable  is  not  influenced  very  much 


/hiimcUr  of  ti.e    w,,-e     mm. 

Fig.  3. —  Brush  discharge  voltage  fob  varyixg  diameters. 

by  the  shape  of  the  conductor,  if  stranded  or  solid  wire,  at  equal 
diameter.  But  it  is  a  difficult  matter  to  judge  the  phenomenon 
exactly  by  sight.  I  tried  to  take  photographs  at  2  meters  distance 
with  a  lens  of  1  meter  focal  distance;  but  photographs  do  not  rep- 
resent the  phenomenon  as  we  see  it. 

From  another  point  of  view,  testing  an  insulated  cable  cannot 
give  us  a  numerical  value  of  the  difference  between  a  solid  wire 
and  a  stranded  conductor,  because  of  the  irregularities  and  hetero- 
geneity of  the  dielectric.  It  would,  therefore,  be  very  useful  to 
investigate  the  matter  by  mathematical  analysis.  In  this  very  diffi- 
cult problem  I  happily  was  able  to  interest  Prof.  Levi-Civita.  It 
is  not  possible  to  examine  here  this  complex  theoretical  study  and 
I  shall  limit  myself  to  a  few  words.  Let  us  consider  a  stranded 
conductor,  and  let  m  be  the  number  of  the  wires  in  the  external 
layer  of  the  strand,  and  R  the  radius  of  the  insulation.  Let  r  he 
the  radius  from  the  center  of  the  strand  to  the  points  of  contact  of 
:i  wire  of  the  external  layer,  with  its  neighbors  (nodal  point  of  the 
external  wire  layer).  (Fig.  4.) 
Vol.  II  — 30 
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In  a  solid  conductor  of  radius  r  insulated  to  a  radius  R,  we 
have  seen  (formula  3)  that  the  maximum  gradient  for  a  potential 
equals  to  unity  is 

1 

^'-  r  log   a' 


In  the  strand  with  m  wires  in  the  external  layer,  we  shall  have: 


G  =    Ox  -rr-    F^    l->     -J      1  -1-  ->     - 

l—lirG^  \2      2         ^m     2 


(10) 


■U  =  00 


s 


2v  +  l 


2  2r  _  1 


(11) 


where  p.  =  -  logs  2  +  4       "^ ^-^ 

and  s^  =  1.2020  Sg  =  1.0369,  etc. 

are  the  sums  of  the  inverse  of  the  third,  fifth,  etc.  powers  of  in- 
teger numbers;  and  F  is  the  symbol  of  the  hypergeometrical  series 
of  Gauss. 


Fig.  4. 

These  formulas  allow  one  to  calculate  the  gradient,  but  it  is 
well  to  compare  the  gradient  of  a  strand  to  that  of  a  solid  wire  of 
the  same  section.  Practically  the  total  number  of  the  wires  in  a 
regular  strand,  having  m  wires  in  the  external  layer,  is  given  by 

^_^       m(m  +  6) 
12 

and  the  radius  of  a  single  wire  is  a  =  r  tan  — ,  all  the  wires  of  the 

m 

strand  having  the  same  radius  a. 

Let  r'  be  the  radius  of  a  solid  wire  having  the  same  section  as 

the  strand:  then 


f  s=  r  V-^  tan  -  =  re* 
m 
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Where  e   =|/iVtan— .      The    formula    (10)  becomes    (taking 
decimal  logarithms) 

log.of-(.-.)X0.434         V'''      ^-'2 

^ (12) 

0-434 

where  G   = b — represents  the  maximum  stress  m  a  solid 

r'  logio- 

wire  cable  having  the  same  R  and  the  same  section  (for  a  potential 

equal  to  unity.) 

With  a  stranded  conductor,  the  condition  of  maximum  safety  for  a 

given  R  is 

B 
r= T (13) 

£X2n» 

or  putting  the  radius  r'  in  evidence  as  before 

r'=^rT7^ ^"^ 

If  we  keep  R  and  m  constant  and  we  vary  a,  the  thickness  of  the 
elementary  wire,  the  value  of  G  given  by  the  formula  (12)  increases 

when  r'  >    ,,  ,j___    and  diminishes  in  the  contrary  case. 

If-  we  keep  constant  the  diameter  of  the  insulation  and  the  sec- 
tion of  the  conductor,  the  maximum  strain,  G,  increases  with  m; 
but  the  term  F^  s-U^—e)  has  for  m  =  6  the  value  of  1.232,  and  for 
yn  =  Qo  the  value  1.258.  They  do  not  differ  very  much,  and,  for 
safety,  we  can  assume  I^^£-^'"—e)  =  1.26.  The  value  of  0.434 
(At  —  e)  varies  from  0.026  for  m  =  6,  to  0.042  for  m=  (x 
and  we  can,  for  safet}^,  assume  it  to  be  constant  and  =  0 .  042.  Then 
formula  (12)  becomes: 

1        ^ 

logio— 

6^=1.26  G' D — (15 

logio-p 0.042 

The  discussion  of  the  formulas  brings  us  to  the  conclusion  that 

the  ratio  -^,—  that  is  the  augmentation  of  the  maximum  stress  in 

a  stranded  conductor  with  respect  to  a  solid  wire  of  the  same  sec- 
tion r—  varies  between  the  limits  1.232  and  1.462.     The  former  cor- 


5M  JONA:     INSULATING  MATERIALS. 

lesponds  to  m  =  G  with  a  ver}-  large  thickness  of  dielectric;  the  lat- 

jO 

ter  corresponds  to  in  =  co  and  —j-  =2  —  that  is  to  a  thickness  of 

r 

dielectric  ver}'  small  in  practice.  In  the  most  favorable  case,  the 
ratio  being  1.232,  it  is  advisable  not  to  use  stranded  conductors  for 
very  high-tension  cables,  but  to  cover  the  strand  with  lead 
sheathing. 

We  may  observe  that  for  rii  =  <x>,  the  gradient  tends  toward 
its  highest  value  —  higher  than  with  a  solid  wire  inscribed  or  cir- 
cumscribed with  respect  to  m.  This  is  not  so  strange,  for  the 
value  of  G  affects  only  the  small  layer  near  the  conductor,  and  how- 
ever great  m  may  be,  we  shall  always  have  an  external  layer  of 
small  circles,  having  G  =  0  at  the  nodal  points  h  of  the  external 
wires,  and  G  a  maximum  at  the  loop  points  A.  (Fig.  4.)  This  is 
true  from  a  mathematical  point  of  view;  but,  physically,  we  have 
some  compensation  between  the  maximum  and  the  minimum,  which 
will  bring  the  value  of  the  coefficient  to  unity;  that  is,  physically, 
we  shall  have  for  a  very  great  m  the  same  value  as  w-ith  a  solid  wire.^ 

Experience  confirms  these  deductions.  I  took  a  cable  whose  con- 
ductor was  partially  a   solid  wire   7  mm.  in   diameter;  partially 

1.  From  Prof.  Levi-Civita's  formulas  we  can  compare  the  capacity  of  a 
solid  wire  r'  insulated  to  R  with  the  capacity  of  a  stranded  conductor  of 
equal  section,  insulated  to  R.  r  being,  as  usual,  the  radius  of  the  knot- 
points  of  the  strand,  the  capacity  of  the  strand  is 

Cm  =  ^    I (16) 

\oge--fj. 

where  >'■  is  the  specific  inductive  capacity.  This  formula  is  true  also  for  an 
irregular  strand;  for  example,  a  thick  copi)er  wire,  surrounded  by  a  number  m 
of  smaller  wires,  as  used  in  some  submarine  cables. 

Introducing  the  conception  of  the  solid  wire  of  equal  section  we  have,  taking 
decimal  logarithms: 

C„  =  £ -Oii^i (17); 

^  logio  -  —  0.434  (fjL-e) 
r' 
while  for  the  solid  wire  cable  we  have: 

X 

C  =-, 


As  /I — e  is  always  positive  and  increases  with  m,  we  conclude  that  Cm  >  0 
and  increa.ses  with  to.     At  the  limit,  for  m  =  oo 

_  jc 0  434  _  J       0.434  _ 

^    logio  ±^  —  0.042         -^    logio  - 
v  r 

Generally,  the  thickness  of  the  insulation  is  greater  than  the  radius  of  the 

conductor  and  tVierefore  logio  —  is  generally  >   logic  2  =  O.JJOl ;  therefore  the 

r' 
incn^ase   of    the    capacity    attains   practically    only   a    very   small  percentage. 
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strands  of  7  X  2.3i  mm,  ar.d  19  X  1-4  mm;  and  partially  a  solid 
wire  of  6  mm  surrounded  by  40  thin  wires  of  0.5  mm  diameter. 
They  were  all  insulated  with  5  mm  thickness  of  jute.  If  we  calcu- 
late the  maximum  strain  per  mm  by  our  formulas,  we  find  that  it  is 
0.32  of  the  total  tension  in  the  solid  wire,  0.418  in  the  7-wire 
strand,  0.424  in  the  19-wire  strand,  and  0.-132  in  the  strand  having 
an  external  layer  of  40  thin  wires. 

During  the  tests  the  19-wire  strand  began  to  burn  at  17,000  volts, 
and  successively  at  18-21-33-25  kilovolts;  the  7-strand  wire  was 
first  perforated  at  19,000  volts,  and  successively  at  20-22-24-25 
kilovolts;  the  strand  of  40  thin  wires  began  to  be  perforated  at  29 
kiJovolts,  and  afterward  it  experienced  many  other  punctures  from- 
29,000  to  33,000  volts.  The  first  puncture  in  the  solid  wire  was  at 
28,000  volts,  probably  a  weak  point,  for  the  successive  punctures 
were  from  32  to  38  kilovolts. 

It  is  evident  that  the  heterogeneity  of  the  dielectric  does  not 
allow  us  to  deduce  any  numerical  law  from  these  tests,  but  the 
general  conclusion  is  that  the  solid  wire  is  the  strongest,  and  the 
7-wire  strand  is  very  little  stronger  than  the  19-wire  strand.  That 
is  in  accordance  with  theory,  but  the  strand  of  40  thin  wires  ought 
to  be  the  weakest  of  all,  according  to  pure  theory;  whereas  though 
less  strong  than  solid  wire,  it  is  stronger  than  the  other  strands.  But 
as  I  remarked  above,  theory  points  to  a  maximum  strain  for  m  =oo  . 
while  m  =  oo  is  physically  equal  to  a  solid  wire;  and  we  must  admit 
that,  in  the  case  of  m  =  40,  the  physical  average  which  we  alluded 
to  commences  to  have  a  great  influence  on  the  result. 

Of  course  theory  cannot  foretell  such  complex  phenomena.  First 
of  all,  theory  considers  dielectrics  perfectly  homogeneous;  and, 
secondly,  it  cannot  take  into  account  the  mutual  aid  of  the  neigh- 
boring layers,  or  molecules,  which  tends  to  equalize  the  gradient 
ifi  any  elementary  zone.  We  must  then  be  very  careful  in  applying 
the  results  of  theory.  Theory  must  be  for  us  like  a  lighthouse  for 
sailors;  we  can  use  it  to  direct  our  course,  but  we  do  not  depend 
upon  it  indefinitely  to  save  us  from  wreck.  For  example,  we  found 
that  with  a  given  R,  the  maximum  safety  is  obtained  by  taking 

r  =  — .     High-tension  cables  have  generally  r  smaller  than  the 

£ 

above  ratio.  After  having  calculated  R,  we  might  be  tempted  to 
augment  r  till  that  ratio  was  reached,  as  well  as  in  the  case  where 
this  thicker  r  is  useless  to  carry  the  current;  or  we  could  imagine 
making  the  conductor  of  aluminum,  thicker  and  more  economical. 


5C6 


JON  A:     IX, SU  LATINO  MATERIALS. 


But  we  should  not  forget  that  the  heterogeneity  of  dieleclric  would 
cause  this  to  be  dangerous;  with  an  impurity  present  we  have  a 
smaller  range  of  thickness  to  rely  upon,  and  the  cable  would  llien 
break  down.  We  can,  of  course,  augment  r  a  little,  but  less  tban 
tlieory  indicates.  I  have  followed  this  practice  for  some  time  with 
very  high-tension  cables ;  the  wire  strand  is  covered  with  a  lead  tube, 
Avhich  augments  its  diameter.  The  lead  has  also  the  advantage  of 
rendering  the  conductor  round,  and  of  preserving  rubber  from  con- 
tact with  copper  in  rubber  cables,  or  in  cables  whose  insulation  is 
composed  of  rubber  and  paper,  as  I  have  explained  above. 


Mlran.O  I  2         S         4    '^    S         *         f  8  0         l»       II         12         '"        !'•         '<       l6        1"^       iV 

Fig.  5. —  Potentials  at  successive  radh. 

It  is  said  that  a  manufacturer  has  found  it  advantageous  to  sur- 
round the  stranded  conductor  with  a  layer  of  thin  wires,  (say  \4: 
mm  in  diameter) separately  wrapped  with  a  small  thickness  of  paper; 
these  wires  are  connected  with  the  strand,  so  that  no  difference 
of  potential  exists  between  the  strand  and  the  wires.  It  is  said  that 
a  gain  of  20-35  per  cent  was  thus  found  in  the  dielectric  strength  of 
the  cable.  I  have  not  a  large  experience  with  such  a  type  of  cable,  but 
some  experiments  I  liave  made  do  not  point  to  an  advantage,  and  it 
would  be  difficult  to  explain  why  there  should  be  an  advantage  with 
this  type;  the  small  wires  of  the  external  layer  become  separated  one 
from  the  other,  so  that  equipotential  lines  must  bend  very  much. 
I  f  the  advantage  really  exists,  perhaps  it  is  to  be  attributed  to  the 
larger  specific  dielectric  strength  of  thin  insulated  wires,  to  which 
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I  referred  above,  but  in  this  case,  would  it  not  be  better  to  use 
an  external  layer  of  thinner  wires,  laid  on  contiguously,  without 
any  special  insulation  on  each  wire?  Some  experiments  which 
I  have  made  seem  to  point  that  way. 

We  can  also  test  the  theory  by  calculating  the  value  of  potential 
along  a  radius,  and  checking  it  in  an  experimental  or  model  cable 
obtained  by  soldering  a  strand  conductor  and  a  ring  upon  a  thin 
metallic  sheet,  and  letting  a  current  flow  in  the  sheet  from  the 
strand  to  the  ring.  Potentials  can  thus  be  easily  measured.  Fig.  5 
shows  the  theoretical  curve  and  the  experimental  one,  which  are 
very  much  alike. ^ 

The  above  considerations  allow  us  to  calculate  single-core  cables. 
Three-phase  cables  can  be  calculated  by  considering  one  conductor 

2.  This  theoretical  curve  P  =-=f  (v)  is  obtained  from  the  foUowina:  formulse 
where  v  is  the  potential,  whose  value  is  zero  in  the  inner  conductor  and  1 
in  the  lead  sheathing.  ?•,  R,  /jr,  F  have  the  meanings  I  have  already  ex- 
plained :  It  is  to  be  remembered  tliat  F  (^a,  jS,  y^  a;)  is  the  symbol  of  the  hyper- 
geometrical  series  of  Gauss. 

«  /3  ^      g  (g+l)  /?  (/?+!)  ^      «(a+l)(a-H2)  /g(;^+l) (/g+2)  ^3 

^^1  r         1-2    rfr+1)  i-2.3     r(r+i)  (r+2) 

p  is  the  radius  of  the  point  P  taken  along  a  radius  O  A  passing  to  a  loop  point 
A  ;  (Fig.  4)  the  potential  at  Phas  the  value  v. 
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The  experimental  curve  was  obtained  in  a  model  made  to  a  scale 

conductor  is  a  7-wire  strand,  each  of  3  mm  diameter   (30  mm  in  the  model) 
insulated  to  a  radius  R  :=  18  mm   (180  mm  in  the  model). 
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at  a  potential,  of  sa}^  —^ volts;  we  get  then  the  radius  of  the 

insulation  around  each  conductor.  We  can  consider  afterward  the 
same  conductor  to  be  insulated  for  V  volts ;  we  get  then  the  distance 
between  the  center  of  this  conductor  and  the  lead,  and,  therefore, 
the  thickness  of  the  extra  insulator  around  the  strand  of  the  +hree 
insulated  cores.  The  factor  of  safety  for  this  extra  insulation  need 
not  absolutely  be  the  same  as  for  the  former,  as  it  corresponds  to 
an  abnormal  case'  of  a  phase  break-down.  Compound  cables,  with 
rubber,  paper  and  jute,  are  calculated  according  to  the  respective 
dielectric  strengths  of  these  materials,  distributed  in  the  depth  of 
the  dielectric,  according  to  the  radial  gradient. 

Gutta-percha  possesses  also  very  great  dielectric  strength,  com* 
parable  to  that  of  good  rubber,  1.5-20  kilovolts  per  mm.  It  is  not 
used  for  insulating  cables  for  lighting  or  power  purposes,  because 
of  its  very  high  price,  and  especially  from  its  low  melting  point. 
Such  cables  can  easily  reach  a  temperature  which  softens  gutta- 
percha. A  possible  application  of  gutta-percha  is  for  cables  cross- 
ing lakes,  rivers,  and,  generally  speaking,  for  laying  in  cold  water. 
It  is  then  advisable  to  make  a  first  layer  of  rubber  insulation,  on 
which  gutta-percha  is  laid  so  that  the  latter,  being  in  contact  with 
external  cold  water,  cannot  heat  very  much.  Many  manufacturers 
do  not  trust  the  impermeability  of  rubber  cables,  and  this  external 
coat  of  gutta-percha,  absolutely  waterproof,  adds  its  own  dielectric 
strength  to  that  of  rubber  and  obviates  the  inconvenience  of  having 
a  heavy  lead  pipe,  as  employed  by  the  manufacturers  to  which  I  have 
alluded.  It  is  often  advisable  in  such  cables  to  avoid  splices,  and 
for  the  sake  of  facility  of  transport  and  laying,  they  can  be  si]i2:le- 
cored,  rather  than  three-cored.  I  may  add  that  single-core  cal)Ies 
for  very  high  tensions,  requiring  generally  a  low  current  strength, 
can  often  be  armored  with  steel  wires;  the  steel  wires  can  be 
separately  wrapped  with  tarred  manilla,  in  order  to  lessen  the  sec- 
tion of  the  metal  and  increase  the  magnetic  and  electric  resistance 
of  the  cross-circuit.  For  example,  a  2.5-mm  steel  wire  wrapped  to 
5-6  mm  with  manilla,  may  be  used  without  any  great  inconvenioiK-e 
from  hysteresis  or  self-induction ;  the  drop  of  pressure  by  self- 
induction  can  have  in  such  cables  no  more  importance  than  the  drop 
by  ohmic  resistance. 

I  wotild  like  to  add  something  on  the  properties  of  various  in- 
sulating materials,  but  I  fear  I  have  already  passed  the  limit  set  for 
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papers.  I  shall,  therefore,  only  say  that  these  materials  are  in- 
fluenced by  Eontgen  rays,  which  lessen  their  specific  insulation 
and  perhaps  also  their  dielectric  strength.  But  cables  are  not 
made  to  be  submitted  to  such  rays,  although  they  often  experience 
brush  discharges  and  some  other  emanations,  which  may  have 
similar  influences.  I  should  like  to  add  that  temperature  lessens- 
the  resistance  of  the  insulation  very  quickly,  as  expressed  in  meg- 
ohms. A  paper  cable  at  35  deg.  C.  shows  but  one-thirtieth  of  the 
megohms  it  has  at  15  deg,  C.  But  temperature  has  very  little  influ- 
ence upon  strength  to  resist  breakdown.  Palm  oil  melted  at  50  deg. 
C.  gives  a  strength  corresponding  to  that  of  the  best  oils  for  trans- 
formers at  ordinary  temperature.  I  have  drawn  experimental  curves 
of  dielectric  strength  of  melted  paraffine  at  55  deg.  C.  and  at  85  deg. 
C.  from  10  up  to  160  kilovolts;  they  are  very  similar.  This  allows 
us  to  conclude  that  in  this  respect  cables  cannot  differ  very  much. 
I  have  tested  two  reels  of  paper  cables,  each  cut  in  5  pieces,  immersed 
in  baths  at  0  deg.,  15  deg.,  35  deg.,  70  deg.  and  100  deg.  C.  The 
dielectric  strength  did  not  lessen  by  raising  temperature,  perhaps  at 
0  deg.  it  was  less  than  at  70  deg.  I  noted  in  some  oils  something 
similar,  but  dielectric  strength  is  too  complex  a  phenomenon  to  be 
discussed  on  small  experimental  differences.  Of  course,  that  cannot 
Justify  us  in  working  at  high  tensions  with  cables  too  much  heated, 
for  it  is  probable  that  heat  would  facilitate  a  chemical  decay  of  the 
dielectric ;  but  a  momentary  elevation  of  temperature  is  not  so  much 
to  be  feared  as  one  would  think  at  first  sight. 

In  conclusion  I  may  say  that  the  above  considerations  can  be 
applied  to  some  other  matters.  They  explain,  for  example,  the 
brush  discharges  between  the  petticoats  of  insulators.  An  insulator 
with  many  petticoats  can  be  considered  like  a  system  of  condensers 
in  series;  a  large  part  of  the  tension  is  taken  by  air,  which  has 
3  to  4  times  less  specific  inductive  c-apacity.  They  explain  the 
"  digestion  "  of  the  wooden  pins  with  iron  cores,  in  the  insulators ; 
for  the  gradient  is  greatest  in  the  pins,  and  they  become  carbon- 
ised with  age.  They  explain  also  the  phenomenon  that  insulators 
tested  with  pins  stand  less  than  when  tested  with  water,  for  water 
offers  a  larger  and  smoother  surface.  They  explain  the  brush  dis- 
charge at  the  surface  of  an  insulated  wire,  drawn  into  a  metallic 
pipe  (for  example  in  crossing  a  wall),  for  we  have  added  in  this 
case  an  external  layer  of  air  to  the  solid  insulation ;  but  air  has 
a  low  s.i.c,  and,  therefore,  it  absorbs  much  tension,  with  a  too 
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large  gradient.  In  a  similar  manner  we  can  explain  the  brush 
discharges  at  alternators,  during  very  high-tension  tests.  These 
considerations  explain  also  why  the  alternator  coils  separately 
wound,  and  wrapped  with  alternate  layers  of  tapes  and  varnishes, 
are  generally  perforated  in  a  corner  of  the  coil,  or  corresponding 
to  an  external  corner  of  the  conductor,  for  there  is  here  a  higher 
gradient.  They  suggest  some  improvements  in  the  construction 
of  insulated  coils  for  alternators,  for  example,  by  increasing  the 
radius  of  curvature  of  the  bunch  of  conductors,^  or,  by  employing 
in  the  innermost  part  of  the  insulation  some  material  like  mica, 
which  has  the  highest  s.i.c,  together  with  the  highest  dielectric 
strength  against  puncture.  In  short,  they  explain  many  facts 
which  have  been  observed  in  practice. 

Discussion. 

Chairman  Lieb  :  We  have  just  listened  to  an  excellent  paper.  It  throws 
oonsiderable  light  on  a  subject  in  which  every  central-station  man,  engaged 
in  high-tension  transmission,  should  have  the  greatest  interest.  The  ques- 
tion of  the  quality  of  the  dielectric,  whether  of  paper  or  of  rubber,  is  of 
great  interest,  and  in  this  paper  we  have  some  suggestion  as  to  combining 
the  two  so  as  to  take  advantage  of  the  desirable  qualities  of  each.  The 
paper  is  now  open  for  discussion. 

Col.  R.  E.  B.  Crompton:  I  must  congratulate  this  section  on  having 
before  it  the  best  paper  on  this  subject  that  I  have  ever  hitherto  read.  I 
think  that  Signer  Jona  deserves  our  most  heartfelt  thanks.  He  has  com- 
pressed into  it  a  large  amount  of  study,  not  only  of  his  own,  but  also  of 
otlier  peoples'  practice,  and  he  has  concentrated  into  his  last  paragraph 
matter  which  is  of  such  great  importance  not  only  to  cablemakers,  but  to 
all  of  us  who  construct  high-tension  apparatus,  that  I  believe  his  paper 
will  be  profitably  studied  by  all  of  us. 

Mr.  Jona  has  called  attention  to  a  paper  on  the  same  subject  read 
before  our  English  Institution  by  Mr.  O'Gorman.  I  was  present  at  that 
paper  and  there  is  no  doubt  that  to  him  must  be  given  a  good  deal  of  the 
credit  for  suggesting  the  idea  of  grading  the  insulation  so  as  to  get  equal 
strain  on  the  several  concentric  layers,  and  which  idea  appears  now  to  liave 
been  carried  out  in  practice  by  Mr.  Jona.  I  believe  Mr.  Jona  is  right  in 
iwinting  out  that  rubber  insulation  is  likely  to  be  turned  to  increased 
importance  by  being  used  as  the  dielectric  layer  nearest  to  the  conductor. 
It  is  evident  also  that  Mr.  Jona  has  disposed  of  the  question  as  to  the 
influence  which  the  form  of  the  outside  conductor  itself  has  on  the  break- 
down stresses. 

Mr.  RoHERT  Hammond:  1  arise  to  second  the  remarks  of  Lieut.  Col. 
Crompton.     I  was  one  of  those  gentleman  who  visited  Italy  last  year,  and 

3.  This  can  he  obtainod  in  some  cases  by  covering  the  bunch  with  a  sheet 
of  metal,  cut  to  avoid  eddy  currents,  before  applying  the  external  insulation. 
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it  was  a  great  regret  to  us  that,  v/hen  wo  visited  the  works  of  Pirelli 
&  Company,  in  Milan,  that  Mr.  Jona  was  not  present.  He  was  engaged  else- 
wheie  disseminating  that  knowledge  which  he  docs  on  these  occasions  so 
admirably.  I  have  felt  for  years  that  we  electrical  engineers  have  given 
far  too  much  attention  to  the  generating  side  of  the  question  and  that 
this  question  of  the  projjer  treament  of  cables  is  one  which  has  not  re- 
ceived the  attention  to  which  it  is  entitled.  It  is  fortunate  for  us  that  we 
have  a  gentleman  of  ]Mv.  Jona's  acquirements  to  consider  such  a  subject  for 
us:  and  it  is  a  high  pleasure  to  us  all  to  have  before  us  such  an  exceed- 
ingly valuable  paper.  If  we  had  come  to  St.  Louis  for  nothing  else,  we 
would  have  come  for  this  paper. 

Chairman  Lieb:  If  there  is  no  further  discussion,  I  will  call  on  Mr. 
Jona  for  any  concluding  remarks. 

]Mr.  Jona:  I  have  no  further  observations  to  make,  but  desire  to  thank 
Col.  Crompton  and  Mr.  Hammond  for  their  kind  remarks,  and  the  audience 
for  their  kind  expression  in  the  reception  of  the,  paper. 

Chairman  Lieb:  I  am  sure  we  can  all  felicitate  ourselves  with  having 
such  a  classic  on  the  subject  presented  in  our  section.  We  will  now  listen 
to  a  paper  on  "  Distributing  Systems  from  the  Standpoint  of  Theory  and 
Practice  "  by  Mr.  Philip  Torchio,  of  New  York.  As  this  is  a  long  and  ex- 
haustive paper,  which  will  require  very  mature  thought  and  study  in  the 
consideration  of  the  tables,  and  the  line  of  investigation  and  deduction 
which  Mr.  Torchio  has  presented,  I  will  ask  him  if  he  will  kindly  abstract 
the  paper  as  far  as  practicable  without  in  any  way  affecting  the  presenta- 
tion of  the  paper  as  a  whole. 

Mr.  Torchio  presented  his  paper. 


DISTETBUTING  SYSTEMS  FEOM  THE  STAND- 
POINT OF  THEORY  AND  PRACTICE. 


BY  PHILIP  TORCHIO. 


Systems  of  distribution  of  electrical  energy  are  classified  into 
direct  systems,  which  utilize  directly,  without  trans  formation,  the 
electricity  furnished  by  the  generating  station ;  and  indirect  systems, 
Ashich  modify  the  intensity  and  potential  of  the  current  by  means 
of  secondary  apparatus,  such  as  transformers,  storage  batteries,  etc. 

The  direct  sy^ems  were  the  first  to  receive  commercial  applica- 
tion. They  have  been,  and  always  are,  adopted  where  the  electrical 
energy  generated  is  to  be  distributed  in  the  immediate  vicinity  of 
the  power  station.  The  Edison  system  of  distribution  was  the 
model  of  the  direct  systems.  Since  the  beginning  of  the  early  eigh- 
ties it  was,  however,  a  recognized  fact  that  on  account  of  the 
prohibitive  cost  of  transmission  to  great  distances  the  direct  systems 
alone  could  not  give  the  solution  of  the  general  problem  of  econom- 
ical generation  of  large  amounts  of  power  at  a  central  point  and 
economical  distribution  to  distributing  centers  covering  large  areas 
more  or  less  distant  from  the  station. 

The  conditions  of  the  problem  were,  therefore,  to  generate  and 
transmit  power  at  high  potential  and  in  relatively  small  quantity 
of  current,  and  utilize  the  received  energy  at  low  potentials  in  large 
quantity  of  current.  One  of  the  first  solutions  which  were  sug- 
gested was  the  use  of  direct-current  high-tension  transmission,  feed- 
ing in  series  a  number  of  electric  storage  batteries  distributed  at 
convenient  points  along  the  high-tension  circuit.  Each  storage 
battery  would,  independently,  supply  current  to  the  local  installa- 
tion lamps. 

The  limitations  of  this  system  were  soon  recognized,  and  its 
importance  was  lost  when  the  alternating-current  transformer  was 
brought  into  the  field. 

We  are  indebted  to  an  English  company  — "  The  National  Com- 
pany for  Distribution  of  Electricity  by  Secondary  Generators, 
Tjimited  *' — for  the  first  public  demonstration  of  the  rational  solu- 
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tion  of  the  problem.  The  National  Company,  exploiting  the  in- 
ventions of  Messrs.  Gaiilard  and  Gibbs,  showed  in  1884,  at  the 
Exhibition  of  Turin  (Italy),  a  system  consisting  of  a  30-hp,  2000- 
volt,  50-cycle,  single-phase  alternator,  feeding  a  single  wire 
transmission  circuit  48  miles  long,  having  connected  in  series  at 
different  points  along  its  route  a  number  of  transformers  of  the 
Gaulard  and  Gibbs  type,  feeding  at  different  voltage  through  their 
secondaries  a  variety  of  incandescent  and  arc  lamps. 

Gaulard  and  Gibbs,  recognizing  as  important  that  an  alternat- 
ing-current transmitting  system  should  be  capable  of  transforming 
alternating  into  direct  current,  devised  a  high-efficiency  direct- 
current  auto-commutating  machine,  which  was  schematically  a 
self-starting,  single-phase,  50-cycle,  rotary  converter.  Soon  after 
the  close  of  the  Turin  Exhibition  of  1884,  Messrs.  Zipernowsky, 
Deri  -and  Blathy  developed  the  parallel  type  of  transformer  for 
connection  in  multiple  are,  which  was  exhibited  at  the  Budapest 
Exhibition  of  1885. 

The  results  obtained  with  the  Gaulard  and  Gibbs  transformers 
at  the  Turin  Exhibition  attracted  the  widest  attention  among 
engineers,  and  opened  the  way  to  classical  laboratory  researches 
and  monumental  discoveries  in  the  field  of  application,  which  laid 
the  foundation  to  all  future  developments.  From  this  beginning 
it  became  apparent  to  the  best  engineers  what  was  the  line  to 
follow  in  the  development  of  the  distribution  of  electrical  energy. 

To  give  an  idea  of  the  clear  conception  of  the  problem  that 
these  engineers  had  at  the  time,  I  do  not  think  it  would  be  amiss 
to  quote  the  following  abstract  from  an  article  by  Prof.  G.  Colombo, 
published  in  La  Lumiere  Electrique,  of  Oct.  11,  1884: 

"  *  *  *.  The  first  impression  made  by  this  simple  description 
of  the  system  (the  Gaulard  and  Gibbs  system)  is  this:  At  pres- 
ent the  problem  of  distribution  for  electric  lighting  is,  we  will  not 
say  definitely  solved,  but  made  easy  in  a  large  measure  and  made 
applicable  to  limits  until  now  unattainable     *    *     *." 

Prof.  Colombo  then  compares  the  relative  cost  of  installation 
of  an  Edison  underground  system  of  distribution  with  an  alter- 
nating-current, house-to-house,  transformer  system,  and  he  arrives 
at  the  conclusion  that  the  two  systems  would  cost  approximately 
the  same.  He  also  discusses  the  relative  advantages  of  the  two 
systems  and  draws  the  following  conclusions: 

"  *  *  *.  We  are,  therefore,  brought  to  this  dilemma :  The 
Edison  system  of  distribution  cannot  be   supplied  except  within 
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the  limits  of  a  rather  small  radius;  on  the  other  hand,  the  Gaulard 
and  Gibbs  S3'stcm  does  not  present  the  same  advantages  that  the 
Edison  system  does,  not  being  as  well  adapted  for  distribution  of 
electric  light  under  the  same  conditions  that  water  and  gas  are 
distributed.  But  isn't  it  precisely  out  of  this  dilemma  that  we 
must  look  for  the  true  solution  ?  It  is  the  combination  of  the  two 
systems  which  offers  this.  How  shall  we  then  proceed  to  make  an 
installation  for  electric  lighting  in  an  entire  city?  You  may  sup- 
pose, if  you  please,  that  there  is  available  at  the  outskirts  of  the 
city,  or  even  at  quite  a  distance,  a  waterfall  or  other  motive  power^ 
but  this  will  not  essentially  alter  the  principle  of  what  I  propose. 
If  we  had  to  undertake  the  installation  with  the  Edison  system 
alone,  we  should  be  compelled  to  abandon  any  transmission  from 
the  outside.  We  would  divide  the  city  into  districts  of  limited 
area  and  install  at  the  center  of  each  a  central  station  for  the 
production  of  the  current.  This  layout  would  be  exceedingly  ex- 
pensive as  regards  first  cost  of  installation  on  account  of  the  multi- 
plicity of  central  stations,  and  would  not  even  be  possible  in  every 
case,  because  it  is  not  always  easy  to  find  a  large  building  within 
the  quarters  densely  populated;  and  furthermore,  the  neighbor- 
hood of  a  central  station  is  always  the  subject  of  complaints  and 
controversies.  On  the  contrary,  the  enterprise  becomes  pos>i))le 
and  probably  less  expensive  by  establishing  a  single  central  station 
outside  of  the  city,  should  motive  power  be  available  at  this  place. 
Irom  this  central  station  would  extend  a  transmission  line  at  very 
high  pressure,  according  to  the  Gaulard  and  Gibbs  system,  wliich 
would  carry  at  a  small  cost  tlie  current  to  the  center  of  the  dilfer- 
ent  districts,  where  it  would  be  transformed  by  means  of  secondary 
generators  into  a  current  of  low  potential,  as  required  by  the  lamps 
for  parallel  distribution,  the  only  system  of  distribution  practi- 
cably possible.  This  current  would  tlicn  bo  distributed  within  the 
district  by  means  of  an  Edison  distril)ution,  two-wire  or  even 
three-wire,  according  to  the  more  economical  system  which  is  at 
present  adopted  extensively  in  America  by  the  central  electric-light 
stations.  This  would  be  the  most  ideal  solution,  because  it  would 
utilize  the  properties  and  advantages  of  the  Im-o  systems,  combining 
their  respective  good  points  without  one  system  interfering  with 
the  other.  This  would  then  be  the  radical  solution  of  the  problem 
of  house-to-house  distribution  of  electric  light  and,  when  the  case, 
of  the  utilization  of  natural  forces  for  the  lighting  on  a  large 
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scale.  But  is  this  solution  possible  at  present  ?  I  could  not  answer 
the  question.  In  the  Gaulard  and  Gibbs  system,  as  actually  ex- 
hibited at  Turin,  there  is  more  progress  to  be  made,  modifications 
to  be  introduced  and  difficulties  to  conquer.  It  will  be  necessary 
to  find  out  if  and  how  we  can  build  large  dynamos  for  furnishing 
current  of  intensity  sufficient  for  feeding  a  whole  district,  or  part 
of  a  district,  if  there  will  not  be  obstacles  to  the  use  of  such  high 
potentials;  because  we  shall  necessarily  be  compelled  for  mak'ing 
&ueli  application  to  use  very  much  liiglier  voltages  than  the  200J 
volts  of  the  Turin  generator.  Along  similar  lines  there  is  a  whole 
series  of  difficulties  to  be  solved  from  the  point  of  view  of  installa- 
tion and  operation  of  a  single  central  station  for  the  production 
of  the  current;  and  finally,  we  must  not  forget  the  question  of  the 
losses  due  to  the  transmission  and  transformation  of  the  primary 
current,  for  the  influence  that  these  losses  would  have  either  upon 
the  cost  of  first  installation,  or  upon  the  cost  of  operation,  especially 
in  the  case  where  steam  engines  are  used.  But  these  are  in  my 
opinion  questions  of  secondary  importance,  and  one  can  hope  that 
in  time  the  genius  of  the  men  who  have  had  the  first  conception  of 
these  systems  of  distribution  will  arrive  at  a  solution  of  these 
questions  in  such  a  manner  as  to  answer  all  the  exigencies  of 
practice." 

Since  this  clear  exposition  of  the  theory  of  the  correlation  of 
transmission  and  distribution  was  made  in  1884,  great  progress  has 
been  made  in  the  applications  of  electricity,  but  it  is  remarkable 
that  in  no  essential  features  have  the  systems  as  developed  departed 
from  the  general  lines  conceived  at  that  time. 

There  have  been  and  there  still  are  differences  of  opinion  as  to 
more  or  less  important  details,  but  the  general  idea  set  forth  in 
the  above  lines,  of  a  single  generating  station  transmitting  high- 
tension  current  to  centers  of  distribution,  which  is  then  transformed 
to  lower  potentials  for  supplying  the  translating  devices,  has  been 
the  keynote  of  all  the  later  developments.  The  problem  of  distribu- 
tion is  at  present  narrowed  down  to  the  consideration  of  engineer- 
ing and  commercial  features,  which  must  now  guide  the  engineer. 

One  of  the  main  points  to  solve  is,  how  shall  we  distribute  the 
low-potential  current  to  the  translating,  devices?  We  are  thus 
brought  to  face  the  selection  of  a  system  which  will  give  the  most 
satisfactory  result,  and  we  are.  accordingly,  to  select  between 
overhead  lines  or  underground  distribution,  direct-current  system 
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or  alternating  current,  and  whether  single-phase  or  polyphase  sys- 
tems, and  of  two,  three,  four  or  five-wire  distribution,  the  selec- 
tion of  the  suitable  voltage  for  translating  devices  and  a  number 
of  other  similar  questions, 

Xow  by  defining  any  of  these  features  we  affect  the  whole  system 
and  give  a  characteristic  stamp  to  practically  every  piece  of  ap- 
paratus required  for  the  generation,  distribution  and  utilization  of 
electric  current.  It  is  evident,  therefore,  that  on  account  of  the 
complexity  of  the  problem  the  systems  of  distribution  cannot 
be  studied  from  the  standpoint  of  theory  alone.  We  can,  with  the 
aid  of  mathematics  and  physics,  analyze  special  features  of  any 
one  system,  but  when  we  want  to  make  the  applications  we  must 
always  bring  to  bear  all  the  commercial  and  practical  considerations 
which  are  also  factors  of  the  problems  and  which  cannot  be  ex- 
pressed by  formulas. 

To  study  intelligently  any  one  problem  one  must  have  before 
him  the  most  salient  conditions  to  be  met.  Among  these  char- 
acteristic conditions  are  the  following: 

(1)  The  amount  and  character  of  business,  whether  in  a  large 
city  with  an  installation  of  incandescent  and  arc  lamps  and  motors 
mostly  operated  at  variable  speed,  or  in  a  small  city  with  incan- 
descent and  arc  lamps  and  motors  mostly  operated  at  constant 
speed,  or  whether  in  a  factory  plant  having  a  great  number  of 
variable-speed  motors,  or  in  a  cotton  mill  having  only  motors  re- 
quiring absolutely  constant  speed. 

The  relative  percentages  of  the  different  classes  of  businesses 
and  other  matters  of  relative  importance  will  very  often  point  to 
the  selection  of  a  particular  system  of  distribution. 

(3)  The  local  field  of  development. —  A  survey  of  the  existing 
installations  and  of  the  character  of  competition  to  be  met  will 
also  be  of  paramount  importance  in  the  development  of  a  central- 
station  business.  If,  for  instance,  a  company  expects  to  connect 
to  its  system  a  number  of  customers  already  supplied  with  current 
by  local  plants,  it  would  be  of  importance  to  select  a  system  that 
would  fit  the  conditions  of  these  installations. 

(3)  The  density  of  distribution  is  a  factor  of  great  importance 
and,  in  fact,  sometimes  it  alone  determines  the  selection  of  the 
system  independently  of  other  considerations. 

(4)  The  local  conditions  of  cost  of  real  estate  for  siib-stations 
required  by  certain  systems  or  the  value  or  servitude  of  rented 
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spaces  in  private  buildings  required  by  other  systems   will  be  a 
special  feature  to  be  considered  for  each  locality. 

(5)  The  fire  hazards  from  electric  service  are  subject  to  more  or 
less  stringent  regulations,  especially  for  the  installation  of  high- 
tension  transforming  apparatus,  and  also  the  customer's  wiring 
and  applicances,  which  will  necessarily  influence  the  selection  of  the 
system  to  be  adopted.  Municipal  regulations  also  prescribe  in  some 
cases  that  distributing  lines  should  be  put  underground  rather  than 
overhead,  and  also  regulate  the  maximum  voltage  to  be  adopted  in 
streets  and  in  buildings. 

(6)  Patents  and  questions  of  policy  do  not  always  permit  a  free 
hand  in  the  purchase  of  station  apparatus  as  well  as  supplies,  and 
tliese  considerations  must  be  given  due  weight  in  the  selection  of 
a  system. 

(7)  The  cost  of  capital  for  these  enterprises  varies  in  different 
localities  and  largely  influences  the  ultimate  results. 

(8)  TJie  cost  of  station  supplies,  as  for  instance,  coal  and  water, 
as  well  as  labor,  are  of  paramount  significance  in  shaping  the  lines 
to  follow. 

General  considerations  of  the  above  character  are  usually  suffi- 
cient to  determine  the  main  features  of  the  system  to  be  selected ; 
or  at  least  they  will  shape  the  problem  within  w^ell-defined  limits, 
which  will  point  to  only  -a  few  alternative  solutions  which  can 
then  be  treated  on  their  respective  merits. 

It  would  be  impracticable  to  attempt  to  co-ordinate  the  knowl- 
edge we  have  of  the  different  systems  in  order  to  arrive  at  general 
conclusions  which  could  then  be  applied  to  any  individual  case. 
There  are,  however,  general  features  that  any  system  must  possess, 
and  among  them  the  most  important  are  the  following: 

(a)  An  ideal  system  should  be  of  the  greatest  simplicity.  It 
should  not  require  any  complication  whatever  at  the  customer's 
premises,  and  it  should  be  safe  and  entirely  devoid  of  danger  to 
life.  Simplicity  in  the  distributing  lines  is  essential  for  satisfactory 
operation  and  maintenance.  Simplicity  at  distributing  stations  is 
also  highly  desirable,  though  not  as  essential  as  in  the  other  two 
cases. 

(b)  A  distributing  system  should  be  as  uniform  and  flexible  as 
it  can  be  made.  A  growing  system  will  require  a  certain  flexibility 
for  meeting  new  requirements  without  discarding  the  greater  part 
of  the  original  apparatus.    Uniformity  of  size  and  standardization 
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in  different  parts  of  the  equipment  will  assist  this  evolution.  This 
applies  to  all  parts  of  the  system,  from  generator  to  translating 
devices. 

(c)  A  system  must  he  as  economical  as  possible  to  install  and  to 
operate,  at  the  same  time  fulfilling  the  requirements  it  has  to  meet. 

(d)  A  system  must  be  reliable.  Local  conditions  will  require 
the  adoption  of  different  standards.  The  importance  of  a  high 
factor  of  safety  will  grow  with  the  importance  and  size  of  the  plant. 
In  general,  one  must  keep  in  mind  that,  for  instance,  in  a  large 
city  the  lighting  of  a  hotel,  theater,  public  building  or  even  a 
private  residence  is  very  often  of  primary  importance  according  to 
the  use  made  of  the  service,  but  only  of  secondary  importance  as 
to  the  cost  of  maintenance;  and  continuity  of  service  must  not, 
therefore,  be  handicapped  unless  very  material  advantages  are  to 
be  derived  from  a  system,  less  reliable  in  operation.  In  other  cases 
the  value  of  a  high  factor  of  safety  is  more  largely  subordinated  to 
the  cost  at  which  this  reliability  is  obtained. 

We  may  now  see  how  the  different  systems  commonly  used  in 
practice  comply  with  these  general  requirements. 

For  convenience  we  may  subdivide  the  systems  into  overhead 
and  underground,  the  distinction  being  more  adapted  to  differen- 
tiate requirements  of  service  than  essential  differences  of  method. 

Outside  of  local  installations  for  factories  or  other  plants  for 
special  local  purposes,  we  may  broadly  state  that  overhead  systems 
are  applicable  where  the  territory  covered  is  scattered  or  the  demand 
for  current  is  light.  Underground  systems  instead  are  only  appli- 
cable to  territories  densely  built  up  with  heavy  demand  for  current. 

In  the  case  of  overhead  distribution  for  lighting  in  scattered 
districts,  single-phase  distribution  is  usually  preferable;  two  or 
three-phase  generators  can  be  used  at  the  station,  and  the  additional 
power  wires  required  for  any  motor  installation  above  10  or  15 
horse-power  can  easily  be  strung  on  the  existing  pole  lines  without 
heavy  extra  cost.  The  problem  does  not  present  great  difficulties, 
and  the  engineer  is  governed  by  common  practice. 

In  the  case  of  underground  distribution  in  heavily  loaded  dis- 
tricts, one  usually  finds  an  existing  system  already  fully  developed, 
and  the  extension  of  that  system  is  usually  a  foregone  conclusion. 

There  is  no  definite  line  of  demarcation  between  these  two 
cases,  and  it  would  be  difficult  to  say  when  it  would  pay  to  put  an 
overhead  line  underground.    There  is,  however,  no  doubt  that  when 
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a  system  has  reached  a  density  of  about  1000-kw  demand  per  square 
mile,  the  extra  cost  of  an  underground  system  is  no  longer  prohibi- 
tive, and  the  standard  of  the  service  would  be  materially  enhanced. 
There  are  now  in  America  a  number  of  such  overhead  systems, 
which  have  grown  to  large  proportions  and  which  will  gradually 
be  put  underground  in  the  near  future. 

It  is  in  these  cases  particularly  that  the  engineer  will  be  called 
upon  to  select  a  system  which  will  meet  the  new  conditions,  and  it 
is  precisely  in  these  instances  that  one  is  liable  to  find  great  differ- 
ences of  opinion  among  engineers.  As  this  is  an  important  subject 
of  live  interest,  I  shall  take  a  practical  case  upon  which  to  fix  the 
ideas  in  the  general  discussion  of  the  problem  of  distribution. 

Let  us  assume  a  concrete  case  of  a  medium-sized  city,  covering  a 
territory  of  say  10  square  miles,  and  having  at  present  the  fol- 
lowing classes  of  service: 

Series  city  lighting,  "^SO-kw  max.,  series  direct  current. 
Multiple  incandescent  and 

arc  lighting,  1500-kw  max.,  alt.  cur.,  single-phase. 

Power  service,  750-kw  max.,  500-volt  direct  current. 


Total,  3000-kw  max. 

Of  the  total  amount  of  station  output,  the  business  section  of 

the  city  covering,  say,  one-half  a  square  mile,  would  take  about  the 

following  percentages: 

City  lighting,  10,5J^—         75  kw 

Incandescent,  75^ —     1125  kw 

Power,  80;^—       600  kw 


Total,  1800  kw. 

The  existing  customer  installations  in  this  district  would  consist 
say  of  150  series  arcs,  40,000  equivalent  16-cp  incandescent  lamps, 
100  multiple  arcs,  and  1800  horse-power  of  motors.  It  is  proposed 
to  put  this  section  of  business  underground.  We  shall  assume  that 
the  location  of  the  generating  station  is  fixed  by  existing  conditions, 
and  that  the  alternating-current  generators  are  wound  two-phase, 
60  cycles.  For  a  first 'case  we  shall  assume  that  the  station  is 
5000  ft.  distant  from  the  center  of  the  underground  section.  Let 
us  then  consider  the  s^ystems  that  could  be  applied  to  the  under- 
ground territory  with  the  view  of  solrcting  a  system  that  shall  be 
Sim phy  flexible,  economical   and  reluible. 
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For  the  sake  of  simplicity  of  generation  and  distribution,  we 
should  adopt,  if  possible,  a  S5'stem  having  a  common  source  of 
supply  for  all  services,  and  a  common  set  of  distributing  mains 
similar  to  the  distribution  of  water  and  gas.  For  the  sake  of 
flexibility,  the  network  of  mains  should  be  a  meshed  system,  making 
a  solid  network  of  cable  mains  all  of  one  or  two  standard  sizes,  so 
that  extensions  can  be  made  without  replacing  any  of  the  cable 
previously  laid.  To  be  economical,  the  system  should  require  low 
fixed  charges  for  interest  and  depreciation,  have  a  high  efficiency 
at  maximum  load  and  a  good  all-day  efficiency.  To  be  reliable  any 
part  of  the  distribution  should  be  free  from  interruption  of  current 
on  account  of  troubles  at  the  generating  end  or  at  the  transmitting 
and  transforming  apparatus.  In  this  country  it  is  customary  to 
insure  against  any  conceivable  kind  of  losses  and  to  consider  too 
lightly  the  obvious  safeguards  against  the  failure  of  the  light  and 
power  supply  that  moves  the  wheels  of  trade  of  the  business  section 
of  an  important  commercial  center,  would  be  an  unpardonable 
n:istake  of  serious  commercial  detriment  to  the  supply  company. 
On  the  other  hand,  an  almost  absolute  guarantee  of  reliability  of 
service  would  be  invaluable  to  the  successful  exploitation  of  the 
product.  The  remarkable  success  achieved  by  almost  all  Edison 
companies,  with  their  splendid  records  of  continuous  iminterrupted 
service,  gives  an  inkling  of  the  great  importance  of  some  of  the 
purely  practical  considerations  not  taken  account  of  by  theory. 

Besides  these  general  qualifications  the  system  should  have  all 
those  points  of  superiority  that  would  make  the  service  best  adapted 
to  the  utilization  of  the  current  by  present  and  prospective  cus- 
tomers. 

It  is  not  probable  that  all  of  these  requirements  could  be  fully 
met  by  any  one  specific  system.  We  shall  have,  therefore,  to  imder- 
take  several  tentative  solutions  and  then  discuss  the  different  re- 
sults each  on  its  own  merits. 

The  first  solution  that  suggests  itself  is  the  continuance  of  the 
existing  system  readjusted  for  underground  conditions.  The  500- 
volt  power  service  and  the  series  city  lighting  could  be  readily 
adjusted  for  underground  operation.  The  standard  American  type 
of  subway  construction  with  its  great  flexibility  would  not  present 
any  difficulties  in  carrying  out  this  work.  For  the  incandescent 
lighting  we  would  have  to  build  a  system  of  ducts  for  drawing  in 
a  number  of  single-phase  circuits,  feeding  one  or  several  trans- 
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formers  at  the  centers  of  small  districts,  each  covered  by  an  in- 
dependent small  network  of  three- wire  low- tension  mains  (Fig.  1). 
The  transformers  would  have  to  be  installed  either  in  manholes 
■under  the  street  surface  or  in  kiosks  in  the  street  or  in  the  cellars 
of  private  customers.  Any  one  of  these  locations  is  more  or  less 
objectionable.  The  manhole  location  requires  perfect  sewerage  con- 
ditions, and  also  requires  for  reliability  of  operation  that  each 
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Fig.  2. 


transformer  be  fed  by  a  separate  feeder,  thereby  eliminating  the 
primary  fuses  wdiich  are  unreliable  in  a  manhole,  and  also  in  some 
cases  making  possible  the  use  of  transformers  of  low  iron  and 
high  copper  loss,  and  regulated  by  individual  regulators  for  each 
ft;eder.  Transformer-houses  or  kiosks  on  business  streets  are  seldom 
practicable,  but  would  be  fairly  satisfactory  in  operation.  When 
insurance  regulations  allow  it  and  convenient  leases  for  long 
periods  can  be  arranged,  the  private  building  location  is  preferable. 
Transformers  in  this  case  should  be  installed  in  suitable  enclosures, 
these  enclosures  being  accessible  by  a  locked  door  preferably  opening 
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on  the  street,  or  in  any  event  always  accessible  at  any  hour  of  the 
day  or  night.  The  dependence  upon  a  number  of  private  owners 
is,  however,  somewhat  of  a  drawback  in  most  instances  where  this 
system  is  in  use  in  this  country. 

Let  us  assume  to  have  settled  upon  a  definite  location  as  found 
best  suitable  for  the  conditions.  In  the  case  of  manhole  trans- 
formers for  commercial  and  technical  reasons,  it  will  be  advan- 
tageous not  to  make  the  transformers  and  districts  too  small 
and  for  safety  not  too  large.  We  can  then  decide  upon  say  12 
100-kw  transformers,  supplying  12  independent  districts.  For 
emergency  conditions  we  shall  provide  suitable  switches  for  tying 
together  neighboring  districts,  thereby  making  it  feasible  for  the 
trouble  man  to  give  temporary  relief  to  a  district  which  through 
the  failure  of  its  primary  feeder  or  transformer  has  been  put  out 
of  service. 

In  the  case  of  transformers  in  kiosks  or  private  buildings,  we 
may  safely  use  secondary  fuses  with  the  transformers  and  connect 
several  of  them  so  as  to  feed  into  a  large  meshed  network  of  mains. 
We  may,  for  instance,  divide  the  whole  underground  section  into 
two  districts  designed  to  subdivide  the  load  approximately  equally 
between  the  two  phases  of  the  generators,  and  in  each  district  have 
six  primary  feeders,  with  100-kw  transformers,  as  before,  the  only 
difference  being  that  the  secondaries  of  each  six  transformers 
would  be  connected  in  a  meshed  network  of  mains,  each  transformer 
being  protected  by  secondary  fuses  or  by  circuit  breakers  in  case  of 
large  transformers. 

By  using  different  criteria  in  design  and  adopting  good  regulat- 
ing transformers,  we  may  arrange  the  primary  feeders  for  the  two 
districts  last  mentioned  in  a  different  manner.  We  may  use  two 
single  large  feeders  connecting  all  six  transformers  in  multiple 
for  each  district  (Fig.  2).  This  arrangement  requires  primary 
fuses  for  each  transformer  and  independent  secondaries  for  each 
transformer  district.  To  mesh  into  a  network  also  the  secondary 
mains  of  the  six  districts,  thereby  forming  a  meshed  primary  and 
meshed  secondary,  distribution  would  be  unsafe  owing  to  the  diffi- 
culty of  properly  subdividing  the  loads  among  the  different  trans- 
formers ;  this  is,  however,  done  in  some  cases  and  with  proper  pro- 
tective devices  and  careful  study  of  the  layout  the  system  might  be 
made  operative.  It  is  understood  that  with  this  system  the  regu- 
lation of  all  six  transformers  being  done  at  the  station  upon  a 
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single  feeder,  this  must  be  designed  for  a  small  maximum  drop 
not  to  exceed,  say,  2  per  cent,  otherwise  poor  regulation  will  result. 
The  all-day  efficiency  of  the  system  is,  however,  lower  than  in  the 
case  of  the  individual  feeders  for  each  transformer;  it  is,  therefore, 
better  adapted  to  plants  where  energy  is  cheap,  as  in  water-power 
plants. 

The  solution  of  our  problem  along  the  above  lines  would  not  give 
us  the  desired  unification  of  the  generating  station ;  the  subdivision 
of  the  underground  system  into  small  districts  would  not  give  us 
the  advantages  of  a  meshed  network,  thereby  reducing  to  some 
extent  its  flexibility  and  largely  the  reliability  of  service  of  any  one 
district.  In  fact  this  continuity  is  dependent  exclusively  upon  the 
year  in  and  year  out  absolute  freedom  from  failures  and  break- 
downs of  any  part  of  the  long  cable  feeder  and  transformer  supply- 
ing the  network  of  mains  in  the  district. 

As  to  economy,  one  can  see  without  making  calculations  that 
the  three  independent  systems  of  generation  and  distribution  of 
current  for  the  three  separate  classes  of  service  cannot  lead  to 
maximum  economy  of  investment  and  cost  of  operation  and  main- 
tenance. 

The  unification  of  generating  apparatus  can  readily  be  decided 
n.pon  from  the  considerations  of  respective  percentages  of  power 
required  for  different  services.  As  50  per  cent  of  the  total  out- 
put is  for  alternating  60-cycle  lighting,  25  per  cent  for  direct- 
current  series  arc  lighting  and  25  per  cent  for  500-volt  power, 
and  as  the  alternating  current  60-cycle  service  for  the  overhead 
distribution  is  a  necessity,  the  selection  of  alternating-current 
60-cycle  generation  is  a  foregone  conclusion.  The  series  direct- 
current  service  could,  in  the  majority  of  cases,  be  economically 
transformed  into  a  series  alternating-current  system  with  con- 
stant current  transformers;  or  if  preferable,  the  direct-current 
arc  machines  could  be  operated  by  alternating-current  motors, 
the  selection  depending  upon  consideration  of  local  requirements. 
Whatever  developments  in  the  art  of  arc  lighting  may  follow  the 
investigations  and  experiments  that  are  now  being  made,  they  will 
not  be  in  the  way  of  the  direct  or  indirect  use  of  alternating  cur- 
rent. The  500-volt  power  generation  could  be  obtained  from  motor- 
generator  sets,  the  motors  being  operated  from  the  60-cycle  alternat- 
ing-current supply.  It  is,  however,  doubtful  if  the  existing  500-volt 
generating  units  are  reasonably  efficient,  that  it  would  pay  to  dis- 
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card  them  and  add  the  investment  of  new  motor-generator  sets.  In 
many  cases,  we  may,  therefore,  have  to  abandon  the  idea  of  unifica- 
tion of  generating  apparatus  and  possibly  only  add  some  syn- 
chronous motor-generator  sets  that  would  tie  together  the  two  sys- 
tems and  serve  as  reserve,  and  also  for  shutting  down  the  system 
at  light  loads. 

We  would,  therefore,  have  a  composite  station  with  75  per 
cent  in  alternating-current  generating  capacity  and  25  per  cent 
oOO-volt  direct-current  generating  capacity.  Any  further  step 
toward  unification  of  the  system  will  depend  entirely  upon  what 
can  be  accomplished  in  the  unification  of  the  distributing  system  in 
the  underground  district  representing  the  bulk  of  the  commercial 
light-and-power  service.  We  may  neglect  the  question  of  the  city 
series  arc  in  this  district,  as  most  probably  the  series  alternating- 
current  system  would  do  for  the  case  or  multiple  arcs  fed  from  the 
lighting  mains  could  easily  be  adopted,  if  found  convenient.  The 
serious  question  to  face  is  the  supply  of  current  to  motors.  If 
single-phase  alternating-current  motors  could  be  made  to  operate 
under  the  same  conditions  that  direct-current  motors  are  operated, 
there  is  no  question  that  even  at  the  large  sacrifice  of  replacing 
with  new  alternating-current  motors,  the  1800  horse-power  of  cus- 
tomers' motors,  it  would  pay  in  the  end  to  do  it,  as  we  would  save  the 
duplication  of  separate  mains  for  light  and  for  power  and  we  would 
be  in  the  position  of  securing  the  advantages  of  unification  of  sta- 
tion apparatus  and  more  econom.ical  operation.  At  present  single- 
phase  alternating-current  motors  cannot  meet  these  requirements 
and,  as  the  several  attempts  to  develop  a  commercially  satisfactory 
single-phase  motor  have  been  only  partially  successful,  we  may 
exclude  it  from  consideration.  The  promises  held  forth  in  the  field 
of  single-phase  railway  motors  may  eventually  bring  the  long-wanted 
solution,  but  at  present,  while  there  are  undoubtedly  many  cases 
where  single-phase  motors  could  and  should  be  used,  we  still  shall 
have  to  operate  the  500-volt  power  circuit  for  a  number  of  cases 
where  the  present  single-phase  motors  arc  not  applicable.  Therefore, 
we  are  brought  to  the  conclusion  in  favor  of  a  composite  alternating 
current  and  500-volt  direct-current  generating  station  and  duplicate 
system  of  distributing  feeders  and  mains  for  light  and  for  powx?r. 
This  conclusion  seems  hardly  logical,  but  there  are  open  only  two 
other  alternatives,  which  are  hereafter  discussed. 

The  first  alternative  is  the  adoption  of  polyphase-current  distri- 
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bution  for  the  underground  district  as  used  for  the  overhead  district. 
The  second  is  the  distribution  of  direct  current  through  an  under- 
ground Edison  three-wire  system.  Before  comparing  these  two 
systems,  we  must  make  a  statement  of  fact  that  as  far  as  the  electric 
service  requirements  in  the  business  section  of  a  city  are  con- 
cerned, the  direct-current  systems  have  no  drawbacks  to  contend 
with  in  the  unlimited  variety  of  their  applications,  while  the  alter- 
nating-current systems,  without  any  advantages  in  efficiency,  are,  in 
many  cases,  handicapped  by  limitations  in  their  adaptabilities  to 
meet  important  uses,  as  for  instance  in  the  case  of  variable  speed 
motors  for  elevators  and  hoists  and  the  direct  charging  of  storage 
batteries.  The  greater  adaptability  of  direct-current  motors  in 
city  work  is,  in  the  case  of  low-speed  motors,  usually  accompanied 
by  lower  first  cost  and  higher  efficiency  of  operation.  Another  con- 
sideration is  the  presence  in  a  business  section  of  quite  a  number 
of  private  plants,  all  operating  direct-current  generators  and  trans- 
lating devices.  Central  station  break-down  connections  for  these 
prospective  customers  become  impossible  with  alternating-current 
sj'-stems  of  distribution,  and  their  limitations  in  adaptability  to 
specific  services  and  the  difficulties  encountered  in  readapting  the 
existing  installations  of  motors  and  arc  lamps  make  the  eventual 
full  central  station  service  to  these  customers  very  difficult  to 
secure,  without  making  local  installations  of  direct-current  con- 
verting apparatus  to  be  operated  continuously.  A  few  large  installa- 
tions of  this  kind  would  weigh  a  good  deal  in  the  final  results. 
Returning  noAV  to  the  study  of  the  application  of  polyphase  and 
direct-current  systems,  we  shall  take  up  first  the  polyphase  system. 
Having  at  the  generating  station  two-phase  generators,  we  shall 
lay  out  an  imderground  two-phase  system.  By  rewinding  the  gen- 
erators it  may  be  feasible  to  use  three-phase  distribution  if  we  shall 
find  it  preferable.  The  two-phase  distribution  could  be  accom- 
plished according  to  several  plans.  One  plan  would  be  to  adopt  the 
single-phase  distribution  for  light  by  districts,  as  in  the  previous 
case,  and  parallel  the  system  with  primary  feeders,  transformers  and 
a  two-wire  network  of  220-volt  mains  of  opposite  phase  for  power 
(Fig.  3).  The  primary  feeders  could  be  two  duplex  cables  or  one 
three-conductor  cable,  using  the  third  wire  for  the  power  circuit, 
regulators  being  mounted  only  on  the  lighting  circuit.  This  system 
would  not  be  less  complicated  than  the  previous  system  with  500-volt 
direct-current  mains,  its  only  advantage  being  the  unification  of 
generating  apparatus  at  the  station. 
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A  two-jDliase  three-wire  meshed  primary  and  a  three-wire  meshed 
network  of  110-volt  mains  could  supply  light  and  power  to  the 
whole  district  (Fig.  4).  It  is  an  unbalanced  system  even  at  equal 
distribution  of  loads  among  phases;  it  requires  a  large  amount  of 
copper  for  mains,  on  account  of  the  low  voltage;  the  metering  of 
current  at  customers'  premises  requires  polyphase  meters  or  two 
single-phase  meters  for  each  class  of  service;  the  neutral  of  the 
three-wire  wiring  in  buildings  must  be  of  larger  cross-section  than 
the  outside  wires,  which  is  not  always  the  case  in  existing  installa- 
tions.   On  account  of  all  these  drawbacks,  this  system  may  be  dis- 
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Fig.  5. 


carded  for  our  case.  By  using  a  five-wire  meshed  network  of  220- 
volt  mains,  the  total  amount  of  copper  for  mains  could  be  reduced, 
but  it  would  add  complications  of  wiring  without  corresponding 
advantages. 

A  duplicate  three-wire  single-phase  system  along  the  lines  first 
described  would  have  the  advantage  of  good  regulation  with  rea- 
sonable requirement  of  copper,  but  the  six  cable  wires  would  be 
cumbersome  and  costly.    By  omitting  the  neutral  wire  and  deliver- 
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ing  220-volt  current  for  each  phase  the  last  system  could  be  reduced 
to  four  wires,  which  would  be  an  advantage  if  220-volt  incandescent 
lamps  were  as  efficient  and  220-volt  arc  lamps  as  satisfactory  as  110- 
volt  lamps.  In  the  Transactions  of  the  American  Institute  of  Elec- 
trical Engineers,  1901,  Vol.  XVIII,  pp.  861-869,  the  writer  demon- 
strated that  for  conditions  similar  to  the  ones  under  consideration, 
it  would  not  be  economical  to  use  220-volt  lamps.  The  tendency 
upward  due  to  the  advantages  of  high  voltages  in  the  case  of  the 
ISTernst  lamps  is  now  offset  by  the  tendency  to  lower  voltages  in  the 
osmium  lamps.  We  have,  therefore,  to  discard  the  system  as  unsuit- 
able for  our  conditions.  We  could,  however,  install  at  each  cus- 
tomer's premises  a  balancing  2  x  110-volt  transformer,  which  would 
permit  us  to  use  the  two-wire  220-volt  mains  and  the  more  efficient 
110-volt  lamps  (Fig.  5).  In  most  of  the  cases  this  arrange- 
ment would  work  well,  but  in  a  dense  district  such  as  we  have  under 
consideration,  the  first  cost  of  these  balancing  transformers,  to- 
gether with  their  losses  would  undoubtedly  make  the  system  as 
expensive  as  the  neutral  main  wires  which  they  replace.  This 
system  is,  however,  the  best  that  can  be  made  out  from  a  two-phase 
distribution,  and  we  shall,  therefore,  give  to  it  further  consideration 
in  our  final  selection. 

If  we  adopt  three-phase  generators  we  can  select  between  a  three- 
wire  or  a  four-wire  system  for  the  primary  feeders  and  several  com- 
binations of  secondary  mains.  The  straight  three-wire  primary 
would  perhaps  always  be  preferable ;  we  would  then  use  three-phase 
or  two-phase  T-connected  transformers  and  make  the  combinations 
desired  on  the  secondaries.  We  can  then  distribute  through  a  three- 
wire  network  of  110-volt  mains,  but  its  cost  would  be  high.  We  can 
distribute  through  a  six-wire  network  of  2  x  110-volt  mains  but  the 
six-cable  mains  would  be  cumbersome  and  expensive.  We  can  dis- 
tribute through  a  three-wire  network  of  220-volt  mains,  but  it 
would  not  be  economical  on  account  of  the  low  efficiency  of  220-volt 
lamps.  By  the  use  of  the  balancing  transformers  (Fig.  6),  we 
would  obtain  the  best  workable  three-phase  three-wire  system,  which 
we  shall  consider  later. 

By  dividing  the  underground  territory  into  three  equal  districts, 
and  operating  three-phase  generators,  one  can  lay  out  some  system 
by  which  light  is  delivered  single-phase  by  a  three-wire  network  of 
mains  for  each  district,  and  power  from  an  additional  two-wire 
cable  main.    This  system,  which  works  very  well  for  overhead  condi- 
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tion^,  would  be  expensive  and  undesirable  for  underground  con- 
ditions. 

From  this  review  of  the  alternating-current  systems  with  dis- 
tributed transformers,  we  haye  found  that  the  following  systems  are 
more  or  less  desirable,  but  all  of  them  possible  for  our  conditions. 
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Cape  A.  Single-phase  distribution  for  light,  500  volts  for  power 
separate  (Fig.  1). 
(1)  Twelve  independent  two-wire  primary  feeders,  equally 
divided  between  the  two  phases,  each  one  feeding  a 
separate  secondary  district,  consisting  of  a  single- 
.  phase  transformer  supplying  a  three- wire,  2  x  110- 
network  of  mains. 
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(2)  Same  as  (1),  but  with  each  group  of  the  same  phase  of 

secondary-district  mains  connected  in  two  solid 
meshed  secondary  networks. 

(3)  Same  as  (1)  but  with  only  two  single-phase,  two-wire 

primary  circuits,  one  for  each  phase,  meshed  pri- 
maries (Fig.  2). 
Case  B,  Two-phase  distribution  for  light  and  power. 

(4)  Twelve  independent  three-wire  primary  feeders,  each 

one  feeding  a  separate  secondary  district  consisting  of 
a  set  of  two-phase  transformers,  supplying  a  three- 
wire  2  X  110-volt  network  of  mains,  and  a  two-wire 
220-volt  network,  the  latter  being  used  for  motors 
only  (Fig.  3). 

(5)  Same  as  (4),  but  with  two  halves  of  the  district  mains 

connected  in  two  solid  secondary  meshed  networks. 

(6)  Same  as  (4),  but  with  only  two  sets  of  two-phase  pri- 

mary circuits,  meshed  primaries  (Fig.  4). 

(7)  Twelve,  or  less,  two-phase  primary  circuits  and  sets  of 

two-phase  transformers  with  twelve,  or  less,  districts, 
covered  by  duplicate  two-wire  220-volt  single-phase 
network  of  mains,  with  balancing  transformers  at 
customers'  premises  for  lighting,  the  lighting  of  each 
customer  being  from  one  of  the  single-phase  circuits, 
the  balancing  of  phases  being  accomplished  by  distrib- 
uting evenly  the  customers'  connections  between  the 
two  phases  (Fig.  5). 

(8)  Same  as  (7),  but  with  the  mains  of  all  districts  con- 

nected in  a  solid  meshed  secondary  network. 

(9)  Same   as    (7),   but   with   only   one   set   of   two-phase 

primary  circuits,  meshed  primaries  (Fig.  7). 
Case  C.  Three-phase  distribution  for  light  and  power. 

(10)  Twelve,  or  less,  three-wire  three-phase  primary  feed- 

ers, each  one  feeding  a  separate  secondary  district 
consisting  of  a  three-pha?e  transformer  supplying  a 
three-wire  220-volt  three-phase  network  of  mains 
with  balancing  transformers  at  customers'  premises 
for  lighting,  the  installations  of  any  importance  being 
wired  for  three  independent  three-wire  circuits,  one 
for  each  phase  (Fig.  6). 

(11)  Same  as  (10),  but  with  the  mains  of  all  districts  con- 

nected in  a  solid  meshed  secondary  network. 
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(12)   Same  as  (10),  but  with  only  one  set  of  three-phase  cir- 
cuits, meshed  primaries  (Fig.  8). 

As  an  alternative  to  any  of  the  above  systems  with  distributed 
transformers,  we  may  select  equivalent  secondary  networks  of  mains, 
fed  by  low-tension  feeders  from  a  single  sub-station,  at  which  are 
located  all  the  step-down  transformers.  As  we  have  already  noted 
the  practical  drawbacks  of  distributed  transformers  in  a  heavily- 
loaded  district,  it  is  important  to  give  the  case  of  a  sub-station 
thorough  consideration.  The  objections  to  the  distribution  of  large 
amounts  of  alternating  current,  through  lead-covered  cables,  are  in 


Fig.  8. 

practice  less  serious  than  one  would  expect.  Care  must  be  taken 
in  the  sub-station  and  subways  to  eliminate  looping  of  phases  with 
iron  pipes  or  other  magnetic  materials,  but  the  difficulties  would 
not  be  greater  than  in  all  other  wiring,  for  alternating-current 
distribution. 

For  our  underground  district,  we  could  apply  four  layouts  cor- 
responding to  (2),  (5),  (8)  and  (11),  which  we  shall  designate  re- 
spectively by  the  numbers  13,  14,  15  and  16. 
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(13)  AVith  a  single-phase  for  lighting  and  500-volt  direct 
current  for  power,  the  alternating-current  distribution 
from  sub-station  could  be  accomplished  by  dividing 
the  system  into  two  equal  and  independent  sections, 
for  balancing  the  phases  of  the  two-phase  generators, 
and  feed  the  two  sections,  each  covered  by  a  meshed 
network  of  mains,  by  means  of  low-tension  feeders  in 
the  same  manner  that  Edison  three-wire  systems  are 
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operated.  For  feeders  and  mains  the  Edison  tubes 
would  fill  the  requirements  exceedingly  well,  though 
for  practical  reasons  cables  would  be  preferable.  In 
case  of  cables  the  feeders  should  be  of  multi-con- 
ductor type,  making  them  the  equivalent  of  an  Edison 
three-wire  tube;  the  mains  should  preferably  be  sin- 
gle-conductor cables.    The  regulation  of  each  feeder 
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could  probably  be  efficiently  obtained  by  having  the 
secondaries  of  the  step-down  transformers  built  with 
a  neutral  tap  at  the  middle  and  a  10  per  cent  or  15 
per  cent  tap  on  each  end,  each  tap  being  connected  to 
corresponding  station  busses,  the  middle  bus  being 
for  the  neutral  of  the  feeders  and  the  two  sets  of 
outside  busses  being  intended  for  connecting  of  an 
auto-transformer  regulator  mounted  on  each  outside 
leg  of  the  low  tension  feeder.  The  two  regulators 
would  give  perfect  regulation  for  drop  in  feeders  as 
well  as  for  unbalancing  of  the  two  sides  of  the  three- 
wire  system.  The  single-phase  two-wire  220-volt  dis- 
tribution with  balancing  transformers  at  customers' 
premises  would  save  the  neutral  wire  of  feeders  and 
mains;  a  balancing  transformer  at  the  end  of  each 
feeder  would  save  the  neutral  feeder  wire.     In  the 
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case  of  a  two-wire  220-volt  distribution  with  balanc- 
ing transformers,  it  may  be  desirable  to  distribute 
the  two-phase  current,  single-phase,  from  a  single  set 
of  busses  into  a  single  meshed  network  of  mains. 
This  could  be  done  by  using  the  transformers  of 
special  design  and  of  somewhat  larger  capacity,  con- 
nected in  two-phase  relation  on  the  primaries  and  the 
two  secondaries  in  series  delivering  single-phase  cur- 
rent (Fig.  10).  The  secondary  winding  must  be 
specially  designed  for  avoiding  magnetic  unbalancing: 
on  account  of  the  regulating  taps  on  one  end  of  each 
transformer. 
Vol.  11  —  38 


594 


TORCHIO:     DISTRIBUTING  SYSTEMS. 


(14)  With  two  parallel  sets  of  low-tension  feeders  and  mains, 
one  single-phase  three-wire  for  lighting  and  power, 
and  one  alternating-current  two-wire  220-volt  for 
power  only,  the  system  would  require  similar  layouts, 
as  just  described  for  the  single-phase  system  (13), 
with  the  addition  of  two-wire  circuit  feeders  and 
mains  for  which,  however,  no  regulation  would  be  re- 
quired at  the  sub-station,  thereby  making  the  sub- 
station connections  rather  simple  and  perhaps  also 
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poor  regulation  in  the  line  permissible.  With  this" 
Bystem  it  would  be  necessary  to  operate  the  under- 
ground districts  divided  into  two  equal  sections  oper- 
ated from  two  busses  (Fig.  11).  With  balancing 
transformers  at  the  end  of  lighting  feedel-s  or  at  cus- 


TORCHIO:     DISTRIBUTING  SYSTEMS. 


695 


tomers'  premises,  the  neutral  wire  in  feeders,  or 
feeders  and  mains,  could  be  saved,  thereby  making  the 
distributing  system  four-wire  instead  of  five-wire. 
(15)  By  connecting  lights  on  both  circuits  of  the  four-wire 
system  last  mentioned,  we  would  have  independent 
wires,  two-phase  distribution  with  two  wires,  220 
volts  on  each  phase  and  balancing  transformers  at  the 
customers'  services.  The  balancing  of  phases  would 
be  accomplished  from  house  to  house.  The  second- 
aries would  form  a  solid  meshed  network  of  four- 
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wire  mains.  Both  mains  in  each  street  require  regu- 
lation at  the  sub-station  and  same  regulation  in  lines 
(Fig.  12). 
(16)  Three-phase  low- tension  distribution  can  be  done  by 
three-wire  220-volt  feeders  and  mains  and  balancing 
transformers  at  customers'  premises,  balancing  of 
phases  being  accomplished  by  subdividing  important 
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lighting  customers'  wiring  in  three  equal  and  inde- 
pendent parts,  one  for  each  phase  (Fig.  13).  Inde- 
pendent regulation  of  each  ])hase  is  practically  im- 
possible with  this  system ;  each  phase  being  dependent 
upon  a  fixed  relation  to  the  other  two,  making  it 
necessary  to  act  at  the  same  time  and  in  different  de- 
grees upon  all  the  phases.  This  regulation  can  be 
accomplished  better  on  the  high-tension  side  of  the 
three-phase  transformer  by  individual  regulators  on 
each  of  the  three  legs.  In  practice  with  generators  of 
good  regulation  and  a  large  network  of  three-phase 
low-tension  feeders  and  mains  mesh  connected  in  con- 
junction with  the  compensating  effect  of  all  three- 


FEEDER 


Fig.  13. 


Fig.  14. 


phase  motors,  it  is  probable  that  independent  regula- 
tion of  phases  could  be  done  away  with.  It  would  be 
necessary  for  the  regulation  of  each  feeder  to  provide 
a  step-down  transformer  with  its  primary  regulator 
for  each  feeder  which,  however,  is  not  a  drawback, 
as  in  our  case  transformers  of  200  or  300-kw  capac- 
ity could  be  used.  This  would  give  the  greatest  in- 
dependence, but  it  requires  the  continuous  operation 
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of  all  step-down  transformers,  unless  some  combina- 
tion of  switches  is  arranged  on  the  feeders  at  the 
sub-station,  by  means  of  which  a  combination  of  two 
or  three  feeders  can  be  operated  from  a  single  trans- 
former and  the  underload  transformer  cut  out  of 
service.  Accordingly,  for  the  last  conditions,  which 
are  preferable  for.  good  service,  the  transformers 
should  be  designed  for  highest  full  load  efficiency, 
while  in  the  case  of  continuous  operation  they  should 
be  designed  for  lowest  iron  losses. 

"While  it  is  theoretically  possible  to  make  a  sub-station  layout 
which  would  not  require  station  attendance,  this  would  not  be  suit- 
able in  practice. 

We  have  thus  described  the  possible  layouts  for  alternating-cur- 
rent distribution.  By  the  use  of  a  sub-station  with  motor-generator 
sets,  we  should  feel  justified  in  excluding  rotary  convertors  on  ac- 
count of  the  60-cycle  frequency,  w'e  may  distribute  direct  current  to 
an  Edison  three-wire  system  covering  the  underground  district  with 
a  solid  meshed  netw^ork  of  mains  (Fig,  14). 

(17)  By  the  use  of  250-volt  lamps  and  three- wire  2  x  2 50- volt 
mains,  existing  motors  could  be  operated  from  the 
same  lighting  mains,  but  we  have  already  pointed  out 
the  undesirability  of  this  plan  for  our  conditions  — 
first  on  account  "of  the  low  efficiency  and  higher  cost 
of  renewal  of  high  voltage  lamps  and  inferiority  of 
arc  lamps  and  also  on  account  of  making  necessary 
the  rewiring  of  all  old  customers'  buildings. 

^(18)  AVith  two  110-volt  mains,  the  existing  500-volt  motors 
would  have  to  be  rewound  but  no  important  changes 
in  customers'  wiring  would  be  required.  If  direct- 
current  distribution  were  selected,  this  system,  while 
more  expensive,  would  perhaps  be  preferable  to  the 
500-volt  three-wire  system,  on  account  of  the  super- 
iority of  110-volt  incandescent  and  arc  lamps. 

For  the  18  possible  solutions  of  our  problem  above  outlined  we 
have  pointed  out  a  few  of  the  advantages  and  disadvantages  of 
each  system;  now  by  applying  some  of  the  general  practical  con- 
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siderations  we  should  be  able  to  select  among  the  18  cases  a  few 
that  would  best  suit  our  conditions.  But  before  proceeding  to 
this  elimination  we  may  first  figure  out  the  relative  economical 
values  for  all  cases  so  that  our  selection  may  be  guided  by  this  re- 
quirement as  well  as  by  all  other  requisites  of  the  conditions  we 
have  assumed. 

In  Table  I  we  have  given  on  general  lines  the  main  items  of  cost 
Avhich  are  variable  for  different  systems,  leaving  out  of  considera- 
tion small  details  and  items  which  would  be  practically  identical 
for  all  systems. 

The  title  with  the  foot  notes  and  comments  of  Table  I  explain 
the  assumptions  and  points  to  be  taken  into  account  in  making  the 
comparisons. 

The  high-tension  feeders  have  been  figured  for  slightly  different 
drops  to  fit  the  practical  conditions,  the  lowest  being  2.4  per  cent 
and  the  highest  3  per  cent  for  the  length  of  5000  ft.  assumed  in  the 
case.  (For  larger  distances  of  generating  station  from  distribut- 
ing centers  the  line  drop  and  cost  of  high-tension  feeders  would 
be  correspondingly  increased.)  The  average  maximum  line  drop 
of  low- tension  feeders  has  been  assumed  as  11.6  per  cent  for  the 
500-volt  power  circuits  and  from  5.2  i^ev  cent  to  9.4  per  cent  for 
low-tension  feeders  for  lighting  or  for  light  and  power  combined. 
The  line  drop  in  mains  was  in  all  cases  very  close  to  1  jjer  cent. 

The  efficiency  of  transformers  at  full  load  has  been  as- 
sumed at  97.5  per  cent  in  all  cases,  and  the  efficiency  of  motor- 
generator  sets  at  85  per  cent.  Column  G  giving  the  maximum  load 
efficiencies  has  been  worked  out  from  the  above  figures.  The 
average  load  efficiencies  of  column  H  were  estimated  for  the  most 
favorable  conditions. 

Table  I  shows  cost  of  cables  and  transforming  apparatus  for  18 
possible  solutions  of  the  problem  of  putting  underground  the  present 
overhead  distribution  in  the  business  section  of  a  medium  size  city 
now  supplying  1200-kw  maximum  alternating-current  lighting 
600-kw  maximum,  500-volt  direct-current  power,  to  an  installa- 
tion of  42,500  equivalent  16-cp  incandescent  and  arc  lamps,  and 
1800  horse-power  of  direct-current  motors.  The  section  covers  one- 
half  square  mile  with  69,000  ft.  of  streets  with  mains,  and  its 
center  is  assumed  to  be  5000  ft.  from  the  generating  station, 
equipped  with  2200-volt  two-phase  60-cycle  alternating,  and  500- 
volt  direc1;-currcnt  generators. 
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Table  I. 


System. 

High-ten- 
sion 
feeders. 

A 

Low-ten- 
sion 
feeders. 

B 

Low-ten- 
sion 
mains. 

C 

.  Balan- 
cing 
trans- 
formers. 

D 

Trans- 
formers 
or  motor 
genera- 
tors. 

E 

Total. 
F 

Total  efficiency 
of  system. 

At 

maxi- 
mum 
load. 

G 

Aver- 
age all 
day. 

B 

1  and   2... 

3... 

4  and   5... 

6... 

7 and   8... 

9... 

10  and  11 . . . 

12... 

13... 

14... 

15... 

16... 

17... 

18... 

$34,080 
17,280 
35,500 
28,184 
35,500 
24,835 
35,500 
24,835 
12„500 
18,750 
18,750 
18,750 
18,750 
18,750 

$25,220 

25,220 

5,220 

5,230 

6,960 

6,960 

5,230 

5,320 

56,366 

45,633 

46,750 

28,180 

18,181 

38,900 

$81,110 
81,110 
95,910 
95,910 
71.760 
71,760 
66,240 
66,240 
81,110 
95,910 
71,760 
66,240 
44.505 
60,340 

7,000 
10,000 
10,000 

"'7;666 

10,000 

$8,400 
8.400 
13,000 
13,000 
13,000 
13,000 
15,000 
15,000 
6,000 
9,000 
9,000 
9,000 
50,000 
50,000 

$148,810 
132,010 
149,630 
142,314 
134,230 
123,555 
131 ,960 
121,295 
155,876 
169,292 
153,260 
148,730 
131,436 
173,922 

91^ 
91« 
93^ 
93^ 
93;< 
94^ 
94^ 
94^ 

m% 

85« 
85^ 
86^ 
80* 

91^ 

88^ 
92^ 
91^ 
92^ 
90^ 
93^ 
90^ 
m% 

m% 

88^ 
89* 

82* 
77^ 

No.  1,  No.  2,  No.  3.  Mixed  systems,  single-phase,  alternating-current 
lighting,  and  small  motors  with  high-tension  feeders  to  12  transformers  feed- 
ing low-tension  three-wire  mains,  with  500-volt  direct-current  power  mains. 

No.  4,  No.  5,  No.  6.  Single-phase  lighting,  as  before,  but  alternating-cur- 
rent, two-phase  power  in  place  of  the  500-volt  direct-current  distribution. 

No.  7,  No.  8,  No.  9.  High-tension  feeders  and  two-phase  lighting  and 
power  from  four-wire  low-tension  mains. 

No.  10,  No.  11,  No.  12.  High-tension  feeders  and  three-phase  lighting 
and  power  from  three-wire  low-tension  mains. 

No.  13,  No.  14,  No.  15  and  No.  16.  Respectively  similar  to  No.  2,  No.  5, 
No.  8  and  No.  11,  but  with  transformers  in  sub-station  and  low-tension 
feeders  to  mains. 

No.  17.  500-volt,  three-wire  distribution  for  light  and  power  from  sub- 
station with  motor-generator  sets. 

No.  18.  220-volt,  three-wire  distribution  from  substation  with  motor- 
generator  sets. 


Before  comparing  tlie  values  in  column  F,  we  must  make  a  num- 
ber of  corrections  and  allowances  which  could  not  be  readily  in- 
corporated in  the  table.  Among  the  most  important  are  the  fol- 
lowing : 

(a)  No  figures  were  given  for  cost  of  ducts,  the  difference 
between  the  several  systems  being  probably  small  ex- 
cept in  cases  where  double  distributing  ducts  are  re- 
quired. In  the  eight  cases  No.  1  to  No.  6  and  No.  13 
and  No.  14,  all  having  five-wire  distributing  mains, 
it  will  be  necessary  to  have  double  distributers  which, 
figured  on  an  increment  cost  basis,  would  amount  to 
Bay  $23,000. 
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(b)  For  cases  Xo.  -i  to  Xo.  12  and  Xo.  1-i,  Xo.  15  and  Xo. 

16,  distributing  polyphase  current  for  power,  we 
must  add  the  cost  of  replacing  the  existing  1800 
horsepower  of  direct-current  motors  with  alternating- 
current  motors.  For  our  estimate  we  may  assume 
this  cost  at  $50,000. 

(c)  For  case  Xo.  17  we  would  have  to  rewire  practically  all 

the  existing  customers'  incandescent  and  arc  lamp 
installations  at  an  estimated  cost  of  say  $50,000. 

(d)  For  case  Xo.  18  we  would  have  to  rewind  or  replace  all 

500-volt  motors  with  220-volt  motors  at  a  cost  of  say 
$25,000. 


In  Table  II,  column  F^,  are  given  the  revised  values  with  the  cor- 
rections (a),  (b),  (c),  (d),  added  to  column  F  of  Table  I.  For 
comparing  the  cost  of  different  systems  we  must  use  column  F^  of 
Table  II  in  the  case  of  existing  installations;  for  the  case  of  new 
business  we  must  use  either  column  F  or  column  F^,  according  to 
whether  the  new  business  is  for  a  customer  not  already  supplied 
with  current  or  otherwise.  The  importance  of  existing  private 
plants  operating  in  the  territory,  the  annual  rate  of  increase  and 
the  ultimate  growth  of  business  will  decide  which  course  to  take 
in  the  comparison.  The  conditions  for  the  future  are,  however,  in 
most  cases  difficult  to  judge,  as  they  are  dependent  upon  new  and 
tmforseen  developments.  Therefore,  unless  a  proposition  can  show 
more  or  less  immediate  advantages  on  its  own  merits  under  existing 
conditions,  we  shall  assume  that  it  would  be  entirely  speculative  and 
unsafe  to  follaw.  In  our  present  case  of  a  medium-sized  city,  whose 
business  grows  at  a  rather  mode-rate  rate  from  year  to  year,  we  feel 
justified  in  assimiing  that  the  system  selected  must  show  substantial 
immediate  advantages  under  present  existing  conditions  rather  than 
distant  future  savings.  Therefore,  while  we  will  give  due  consider- 
ation to  the  final  results  we  shall,  however,  be  guided  more  in  our 
selection  by  the  values  given  in  column  F^  of  Table  II  than  by  the 
increment  values  of  column  F  of  Table  I. 

To  reduce  the  relative  values  of  efficiencies  to  a  money  basis  we 
have  assumed  a  load  factor  of  25  per  cent  and  figured  out  the  total 
losses  in  Table  II  on  the  basis  of  an  increment  cost  of  production 
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of  one  cent  per  kw-hour.  (With  cost  of  coal  very  high  or  very 
low  or  with  water  power  plants  this  figure  may  be  either  too  low  or 
too  high.)  In  the  case  of  systems  requiring  a  sub-station  we  have 
added  $3000  for  its  cost  of  operation. 


Table  IT. 


System. 

Total  cost 
of   system. 

Yearly  cost 

of 

inefficiency 

losses. 

Yearly  cost 

of 
sub-station 
operation. 

Total 
yearly  cost 

(M  +  N). 

1  and    2 

F+ 
$171,810 
1.55.010 
222,6:10 
215,314 
184,220 
173.555 
181,960 
171.295 
178,876 
242.292 
201.260 
198.780 
181,486 
198,922 

Af 

$2,500- 
3.400 
2,200 
2.500 
2.2(W 
2,750 
1.9TO 
2,750 
3,100 
3,100 
3,400 
3,100 
5,500 
7,500 

.V 

P 

$2,500 
3.400 
2.20(J 
2,5(X) 
2,200 
2,7.-)0 
1,900 
2,750 
6,100 
6,100 
6,400 
6,100 
8.500 

10.500 

3 

4  and    5 

6 

7  and    8 

9 

10  and  11 

12 

13 

$3,000 
3.000 
3,(KKJ 
8,000 
3.0IH) 
3,000 

14 

15 

16 

17 

18 

With  the  aid  of  Table  II  and  all  that  has  been  previously  said, 
we  may  now  proceed  to  analyze  the  several  solutions  with  the  view 
of  making  the  final  selection. 

Systems  No.  4,  No.  5,  No.  6  and  No.  14,  the  most  expensive  as 
TO  first  cost,  have  no  special  points  of  superiority  to  commend  them 
to  us,  and  we  shall,  therefore,  exclude  them  from  further  con- 
sideration. 

System  No.  17,  while  reasonably  economical  as  to  first  cost,  is 
inefficient,  its  losses  being  only  exceeded  in  one  other  case;  and 
furthermore,  it  requires  the  operation  of  inefficient  and  more  ex- 
pensive high  voltage  incandescent  lamps  and  unsatisfactory  arc 
lamps.    This  system  is,  therefore,  unsuitable  for  our  conditions. 

Systems  No.  3,  No.  9  and  No.  12  require  low  investment  and  are 
all  reasonably  economical.  The  essential  feature  of  all  three  is  the 
presence  of  only  one  or  tivo  high-tension  feeders  supplying  all  the 
current  for  the  underground  section,  this  section  being  divided  in 
numerous  independent  districts  of  distributing  mains.  There  is 
no  question  that  the  resultant  economy  is  accomplished  at  a  heavy 
sacrifice  of  the  reliability  of  service,  and  it  is  questionable  if  a 
similar  plan  would  be  given  preference  when  almost  as  good  re- 
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suits  could  be  obtained  with  the  corresponding  systems  No.  2,  No.  8 
and  No.  11  having  several  independent  high-tension  feeders  supply- 
ing current  to  one  or  two  solid  meshed  networks  of  mains.  We 
shall,  therefore,  have  to  select  from  systems  No.  2,  No.  8  and 
No.  11.  (The  systems  No.  1,  No.  7  and  No.  10  are  practically  iden- 
tical with  No.  2,  No.  8  and  No.  11,  but  the  latter  are  preferable  if 
they  can  be  adopted  having  a  solid  meshed  network  of  mains  instead 
of  subdivided  districts.)  Between  No.  8  and  No.  11  there  is  perhaps 
little  choice.  The  costs  are  practically  the  same;  No.  8  transmits 
two-phase  high-tension  current,  three- wire,  which  is  undesirable, 
but  the  line  drop  being  less  than  3  per  cent  this  drawback  is  not 
serious.  It  has  the  advantage  over  the  three-phase  system  No.  11, 
that  each  phase  can  be  regulated  a  good  deal  more  independently 
than  the  three-phase.  In  our  case,  having  assumed  to  have  two- 
phase  generators  at  the  station,  we  may  give  the  preference  to 
No.  8  over  No.  11.  Between  No.  8  and  No.  2  the  differences  are 
of  greater  moment.  With  slight  differences  in  first  cost  and  economy 
system  No.  2  has  the  advantage  of  supplying  direct-current  power 
to  motors,  which  requisite  we  assumed  to  be  a  desideratum  in  our 
case. 

Between  systems  No.  15  (two-phase)  and  No.  16  (three-phase), 
the  differences  in  favor  of  No.  16  are  too  trifling  to  counterbalance 
the  greater  advantage  of  absolute  independent  regulation  of  phases 
of  No.  15.    We  shall,  therefore,  discard  No.  16. 

By  successive  eliminations  we  have  brought  the  problem  to  the 
selection  between  four  systems,  No.  2,  No.  13,  No.  15  and  No.  18. 
The  last  three  require  a  sub-station  while  system  No.  2  does  not. 
If  local  conditions  warrant  the  direct  distribution  from  the  gen- 
crating  station  to  transformers  in  manholes  or  customers'  premises, 
system  No.  2  has  such  marked  advantages  over  the  other  three 
systems  that  its  selection  would  be  a  matter  of  course.  In  case  tlie 
sub-station  is  found  necessary  we  must  select  between  No.  13, 
No.  15  and  No.  18.  System  No.  13  does  not  give  us  the  desired 
imification  of  generating  apparatus,  but  its  advantages  in  first  cost 
and  efficiency  together  with  the  possession  of  the  requisite  of 
supplying  direct  current  to  motors  will,  without  doubt,  outweigh 
the  drawbacks  of  a  composite  station,  especially  if  we  should  equip 
the  station,  or  if  preferable  the  sub-station,  with  a  motor-generator 
set  as  a  tie  and  a  reserve  between  the  two  systems.  We  have 
arrived  at  the  above  conclusions  on  the  assumption  that  the  gener- 
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ating  station  was  within  5000  ft.  of  the  center  of  the  underground 
district.  It  is  now  important  to  note  what  difference  it  would 
make  if  the  station  were  not  so  favorably  located.  Eeferring  to 
Table  I,  we  see  that  only  columns  A  and  G  and  H  would  be  affected. 
If  we  assume  to  use  high-tension  cables  of  the  same  cross-section 
fis  before,  the  cost  will  increase  in  direct  proportion  to  the  length 
and  the  line  drop  will  also  increase  in  the  same  ratio.  The  values 
of  G  and  II  will  change  relatively  in  approximately  equal  propor- 
tion, and  for  the  present  investigation  we  shall  not  need  to  revise 
the  deductions  as  far  as  deduced  from  the  efficiency  values  of  col- 
umns G  and  H. 

The  only  limitations  will  be  the  difficulties  of  transmitting 
500-volt  current  too  great  distances  and  the  poor  regulation  of  the 
alternating-current  system  with  too  large  line  drop.  In  general, 
it  is  improbable  that  the  direct-current  generators  supplying  the 
oOO-volt  power  service  be  installed  at  a  station  very  distant  from 
the  center  of  distribution;  it  is,  therefore,  reasonable  to  suppose 
that  where  the  alternating  current  main  station  is  at  greater  dis- 
tances than  two  or  two  and  one-half  miles,  there  is  also  a  direct-cur- 
rent, 500-volt  subsidiary  station  near  the  distributing  center.  This 
is  by  no  means  an  hypothetical  case,  as  we  find  similar  conditions  in 
many  places.  Let  us  then  assume  that  the  previous  conditions 
were  changed  to  the  existence  of  two  generating  stations,  one 
direct  current  at  5000  ft.  and  one  alternating  current  at  15,000  ft. 
from  the  center  of  distribution,  all  other  conditions  remaining  the 
same.  The  larger  station  can  be  assumed  to  be  better  situated 
for  operation.  We  should  like,  if  possible,  to  discontinue  the 
operation  of  the  smaller  station;  the  subject  will,  therefore,  re- 
quire careful  study.  Let  us  assume  that  it  has  been  proved  ad- 
vantageous to  do  away  with  the  direct-current  station  by  sub- 
stituting 500-volt  direct-current  motor-generator  sets  at  a  conveni- 
ent sub-station,  or  change  the  500-volt  service  if  a  better  solution 
is  available.  The  polyphase  alternating-current  system  considered 
before  would  enable  us  to  do  away  with  the  sub-station  entirely  but 
can  we  still  transmit  economically  the  alternating-current  to  a 
distance  of  15,000  ft.,  as  was  the  case  where  the  distance  was  only 
5000  ft.  ?  By  referring  to  Table  I,  column  A,  we  find  that  if  we 
multiply  by  3  the  values  therein  given,  we  obtain  the  approximate 
variation  in  the  cost  of  feeders.  This  cost  for  system  No.  8  or 
No.  11,  which  we  have  found  to  be  the  most  desirable  for  polyphase 
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distribution,  would  amount  to  $106,500  for  both  cases.  The  cost 
for  high-tension  feeders  in  the  corresponding  cases,  with  .sub- 
stations (system  Xo.  15  and  Xo.  16),  would  be  $56,250,  a  differ- 
ence of  $50,250  in  favor  of  the  sub-station;  this  without  consider- 
ing the  undesirability  of  very  long  high-tension  feeders  for  separate 
district  transformers. 

We  see  then  that  after  a  certain  distance,  exceeding  two  or 
two  and  one-half  miles,  the  problem  of  distribution  becomes  a 
problem  of  transmission.  In  such  cases  it  is  necessary  to  have  a 
step-down  sub-station  at  the  distributing  center. 

For  our  new  problem  we  shall  then  have  to  consider  only  the 
systems  No.  13  to  No,  18,  suitably  revised. 

"We  may  neglect  the  high-tension  feeders  to  the  sub-station,  as 
they  will  be  the  same  in  all  cases;  from  the  sub-station  we  could 
distribute  high-tension  current  to  transformers  distributed  all 
over  the  system  as  in  cases  No.  1  to  No.  12,  but  having  to  operate 
a  sub-station  it  would  be  preferable  to  attain  the  advantages  of 
direct  distribution  by  locating  the  same  at  a  convenient  place, 
near  the  center  of  distribution  of  the  underground  district. 

With  the  exception  of  system  No.  13,  the  other  five  systems. 
No.  14,  No.  15,  No.  16,  No.  17  and  No.  18,  would  have  the 
same  relative  values  as  in  Table  II.  System  No.  13,  however, 
would  have  to  be  revised  in  so  far  that  the  500-volt  power  cables 
would  be  somewhat  cheaper  on  account  of  the  sub-station  being 
nearer  the  center  of  distribution  than  in  the  previous  case.  This 
saving  is  estimated  at  $12,000.  On  the  other  hand  the  cost  of 
motor-generator  sets  would  more  than  offset  this  saving;  further- 
more, it  would  be  necessary  to  provide  some  reserve  capacity.  Mak- 
ing such  allowances  the  net  cost  of  system  No.  13  would  be  in- 
creased at  least  $10,000.  Other  things  being  equal,  the  efficiency 
at  maximum  load  and  the  all  day  efficiency  will  both  be  reduced 
about  3  per  cent  in  each  case.  Therefore,  the  relative  values  of 
Table  II  for  systems  No.  13  to  No.  18  will  apply  to  the  revised 
conditions  with  the  exception  of  system  No.  13,  for  which  the 
total  cost  (Fi)  will  be  $188,876.  The  yearly  cost  of  inefficiency 
losses,  column  M,  will  amount  to  $4000,  and  the  total,  column  P, 
will  be  $7000,  instead  of  the  values  given  in  Table  II. 

Discarding  systems  No.  14  and  No.  17  for  the  same  reasons 
given  before,  we  have  now  left  to  select  between  them  four  systems, 
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No.   13,  No,   15,   No.   16  and  No,  18.     Their  respective  values, 
columns  F^  and  P,  as  revised,  are  as  follows : 

System.  Fi  P 

No.  13  $188,876  $7,000 

No.  15  203,260  6,400 

No,  16  198,730  6,100 

No.  18  198,922  10,500 

The  maximum  difference  in  investment  costs  between  these 
systems  is  less  than  $15,000,  while  the  difference  in  yearly  costs 
of  operation  is  $3400,  Estimating  the  total  business  affected  to 
represent  2,500,000  kw-hours  sold  to  customers,  the  maximum 
difference  per  kw-hour  sold  would  be  ,14  cent.  This  would  be  the 
amount  saved  by  the  polyphase  system.  No.  16,  over  the  straight 
direct-current  system,  No.  18.  On  the  other  hand,  if  we  compare 
No,  13  and  No.  16,  the  difference  in  cost  of  operation  is  reduced  to 
$900,  or  to  less  than  4/100  of  a  cent  per  kw-hour  sold.  In  view  of 
the  preference  for  the  direct-current  motor  assumed  as  a  premise 
of  our  problem,  the  selection  of  system  No,  13  becomes  very  evi- 
dent, A  great  number  of  engineers  would  perhaps  go  as  far  as 
to  select  the  straight  direct-current  system  No,  18,  but  consider- 
ing that  with  system  No.  13  one  may  gradually  develop  considerable 
single-phase  motor  load  in  small  units  and  save  a  good  deal  of 
the  500-volt  cable  investment  in  streets  without  motors;  and  as 
the  present  prospects  of  developments  of  variable  speed  alternating 
current  motors  are  more  promising  in  the  single-phase  than  in 
the  polyphase  type,  and  as  the  single-phase  distribution  is  superior 
for  operation,  for  regulation  and  for  cost  and  maintenance  of 
meters  at  customers'  premises,  we  would  give  it  preference  over 
the  other  systems.  These  figures  and  these  conclusions  may  be 
somewhat  surprising  for  two  reasons :  First,  because  it  is  not 
generally  appreciated  how  an  apparently  inefficient  system  like  the 
direct-current  system  can  so  closely  compete  with  polyphase  alter- 
nating-current systems  on  the  very  point  of  total  cost  of  distribution 
and  apart  from  other  considerations  of  commercial  or  practical 
character  as  to  the  superiority  of  either  system;  second,  because 
these  close  results  appear  to  apply  even  to  the  case  of  relatively 
small  centers  where  the  density  of  current  supply  per  foot  of  street 
is  greatly  below  the  average  density  found  ^n  large  cities. 

In  the  case  of  large  cities  it  is,  however,  only  pertinent  to  note 
that   high-voltage   transmission   and   the   use   of   25-cycle    rotary 
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converters  improve  considerably  the  efl&ciency  over  the  efficiencies 
assumed  in  our  case  of  2200-volt;  60-cycle  motor-generator  sets, 
thereby  bringing  the  total  eflBciency  of  the  direct-current  system 
much  closer  to  the  alternating-current  systems.  To  bear  out  this 
2)oint  we  may  compare  the  relative  amount  of  cable  investment 
per  kilowatt,  maximum  load  at  generating  station  for  two  large 
companies,  one  distributing  direct  current  and  the  other  alternating 
current  with  distributed  transformers.  The  values,  which  are 
based  on  the  pounds  of  copper  in  cables  and  not  the  cost  of  cables, 
are  approximately  as  follows: 


Lbs.  copper  per  Kw.  Max. 
Alternating.  Direct. 


114.9 

20.5 

83.3 

68.7 

cr.o 

High-tension  feeders 
Low-tension  feeders 
Low-tension  mains 


Total  183.6  170.7 

If  one  considers  that  high-tension  cables  cost  considerably  more 
per  pound  of  copper  conductor  than  low  tension  cables,  it  is  evi- 
dent that  the  comparison  would  be  still  more  favorable  to  the 
direct-current  system.  This  difference  is  also  felt  in  the  main- 
tenance of  the  system,  as  even  if  the  life  of  low-tension  and  high- 
tension  cables  is  assumed  equal,  their  scrap  value  at  the  time  of 
renewal  will  be  from  25  per  cent  to  100  per  cent  lower  for  the 
high-tension  cables  than  for  the  low-tension  cables.  This  will 
amount  to  correspondingly  higher  cost  of  maintenance  of  the 
alternating-current  distributing  system  than  for  the  low-tension 
system.  The  higher  intrinsic  value  of  the  property  will  also  in- 
directly affect  favorably  the  financial  standing  of  the  company,  so 
that  it  is  reasonable  to  expect  that  some  benefit  is  derived  therefrom 
in  the  event  of  the  selling  of  the  property,  or  in  case  of  making 
money  loans,  or  even  in  the  market  value  of  the  securities  issued 
by  the  company. 

In  closing  this  review  of  a  rather  complex  and  many-sided  prob- 
,  lem,  we  cannot  omit  to  at  least  note  the  important  part  played  by 
the  storage  battery  in  making  the  combination  of  alternating-cur- 
rent and  direct-current  systems  complete  and  absolutely  reliable. 
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Discussion. 

CHATRjtAN  Lteb:  Mr.  Toichio's  paper  you  will  note  starts  out  es- 
sentially with  a  number  of  premises  assuming  a  condition  of  things  which 
prevails  in  a  large  number  of  our  American  cities  and  investigates  what 
should  be  the  future  condition,  and  how  such  a  condition  of  the  property 
should  be  handled,  with  an  analysis  of  the  number  of  systems  which  could. 
be  used  to  bring  about  the  desired  result. 

This  paper  is  almost  too  exhaustive  to  be  discussed  superficially,  and 
in  order  to  be  discussed  in  its  essential  features  requires  considerable  study 
and  investigation.  We  have  a  paper  which  follows  along  somewhat  similar 
lines,  but  witliout  special  analytical  treatment.  It  is  a  paper  by  Mr.  Alex 
Dow  of  Detroit,  entitled  "  The  Direct-Current  Distributing  Systems  of 
American  Cities."  This  paper  follows  on  somewhat  parallel  lines,  but 
descriptively,  the  situation  which  is  outlined  by  Mr.  Torchio  more  analyti- 
cally. I  will,  therefore,  ask  Mr.  W.  C.  L.  Eglin  if  he  will  kindly  read  a 
brief  abstract  of  the  paper,  giving  us  its  salient  features. 

Mr.  W.  C.  L.  Eglin:  Mr.  Dow  has  treated  the  subject  from  a  com- 
mercial standpoint,  and  as  he  states,  the  most  important  points  are  the 
population  and  the  area  covered  by  direct-current  distribution  in  different 
cities.  He  also  shows  how  the  bulk  of  business  is  taken  care  of  by  the 
employment  of  sub-stations,  instead  of  by  additional  generating  stations. 
He  makes  comparisons  later  on  between  the  costs  of  the  various  devices, 
particularly  comparisons  of  motors  in  this  country,  both  direct  and  al- 
ternating, and  expects  that  you  gentlemen  will  make  the  criticism  that  we 
have  a  higher  cost  for  alternating-current  motors  than  direct-current 
motors.  He  lays  particular  stress  on  the  desirability  of  using  storage 
batteries  on  the  distributing  system,  and  that  it  is  only  practicable 
with  the  direct-current  system.  He  argues  in  favor  of  a  higher  regula- 
tion obtained  by  the  direct-current  system  rather  than  by  the  alternating- 
current  system.  Mr.  Dow  also  believes  that  there  is  no  advantage  to  be 
obtained  by  using  the  double  voltage  recommended  some  years  ago,  which 
was  experimented  Avith  in  some  plants  in  this  country,  and  changed  back 
to  the  standard  voltage.    I  will  read  Mr.  Dow's  conclusions. 


THE    DIEECT-CUEEEXT    DISTEIBUTIXG    SYS- 
TEMS OF  AMEEICAN  CITIES. 


BY  ALEX  DOW. 


(1)  The  intent  of  this  paper  is  to  describe  the  electric  distribu- 
tion system  which  is  commonly  in  use  in  the  central  areas  of  the 
larger  American  cities  and  to  state  the  reasons  for  the  adoption 
and  retention  of  that  system.  I  approach  the  subject  from  the 
commercial  standpoint,  taking  conditions  as  they  have  existed  and 
as  they  now  exist  —  not  as  they  might  exist.  In  a  sense  my  paper 
is  intended  to  be  a  justification  of  the  methods  of  the  larger  electric 
light  companies  of  the  United  States. 

(2)  In  its  essentials  the  system  of  distribution  which  I  describe 
is  that  which  has  been  employed  by  the  Edison  companies  of  the 
United  States  for  20  years  past.  The  independent  steam-power  dis- 
trict stations  of  the  original  Edison  plan  have  in  many  cases  been 
replaced  by  sub-stations  receiving  and  transforming  power  trans- 
mitted from  a  single  generating  station.  The  distributing  S3'stem  is 
thereby  affected  only  in  that  such  a  sub-station  may  be  conveniently 
or  profitably  placed  in  a  location  where  a  steam  plant  would  be 
unprofitable  or  intolerable  and  that  consequently  in  any  given  area 
the  number  of  sub-stations  is  likely  to  be  greater  than  the  number 
of  steam  stations  which  would  have  been  provided  to  serve  the 
same  area.  The  general  method  of  distribution,  however,  stands 
unchanged. 

(3)  The  Edison  distribution  system  as  it  exists  today  is  a 
network  of  three-wire  mains,  underground  or  overhead,  supplying 
continuous  current  (as  we  express  it,  direct  current)  at  constant 
pressures  of  approximately  115  and  230  volts  from  the  one  system 
of  mains  for  all  purposes  for  which  current  can  be  used.  The  mains 
of  the  system  are  continuous  and  interconnected  throughout  the 
area  to  be  served.  There  may  be  one  or  more  generating  stations 
or  sub-stations  supplying  the  same  network.  Each  station  or  sub- 
station feeds  the  network  through  a  number  of  feeders;  the  feeders 
being  so  proportioned  and  so  regulated  as  to  maintain  practically 
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constant  voltage  between  the  several  wires  of  the  three-wire  system 
under  all  conditions  of  load,  while  the  generated  pressure  is  varied 
to  compensate  for  the  fall  of  potential  in  the  feeders. 

(4)  The  three-wire  method;  the  interconnected  network  supply- 
ing current  at  constant  pressure;  the  furnishing  of  all'  demands 
from  the  same  system  of  mains;  the  feeder  and  main  method  of 
equalizing  the  pressure  throughout  the  network  —  these  are  now  all 
accepted  as  standard  throughout  the  world.  It  must  not  be  for- 
gotten, nevertheless,  that  in  the  days  of  15  to  20  years  ago  when 
electric  lighting  had  its  early  commercial  development  in  the 
United  States,  these  methods  were  Edison  methods  and  Edison 
methods  alone.  Today  the  Edison  distribution  system  has  general 
acceptance  and  approval,  save  only  in  respect  of  its  adhesion  to 
direct  current  and  to  a  voltage  which  many  engineers  think  should 
be  doubled. 

(5)  In  preparing  this  paper  I  have  made  no  attempt  to  collect 
statistics.  I  have  drawn  my  illustrations  primarily  from  personal 
knowledge  of  the  distribution  systems  of  several  large  American 
cities  and  wliere  personal  knowledge  has  not  been  adequate  I  have 
obtained  specific  statements  from  friends  of  whose  knowledge  I  am 
surely  advised.  To  a  great  extent  the  statements  which  I  make  are 
familiar  to  and  will  be  accepted  as  correct  by  American  electrical 
engineers.  Many  of  them  will  indeed  to  that  portion  of  the  audi- 
ence be  truisms,  and  it  is  solely  because  of  the  international  char- 
acter of  this  meeting  that  I  have  not  assumed  them  to  be  matters 
of  general  knowledge. 

(6)  In  speaking  of  large  cities  I  have  in  mind  cities  of  a  popula- 
tion of  250,000  or  upwards.  It  is  to  be  noted,  however,  that  what 
I  may  call  the  Edison  system  of  distribution  is  to  be  found  in  many 
cities  of  a  much  smaller  population.  Generally  speaking,  that  sys- 
tem will  be  found  in  any  American  city  which  has.  a  well-defined 
business  district.  It  was  in  the  business  and  shopping  districts  as 
distinguished  from  the  residence  and  manufacturing  districts  of  our 
cities  that  the  Edison  system  had  its  early  development.  In  these 
districts  only  could  —  at  least  in  the  early  days  of  electric  light- 
ing—  such  loads  be  obtained  as  would  justify  the  installation  of 
underground  mains.  In  later  years  with  the  increasing  use  of  elec- 
tric light  and  power,  the  Edison  distribution  system  has  been  ex- 
tended to  residence  districts  and  in  some  cities  throughout  the 
entire  settled  area,  these  extensions  being  with  underground  or 
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overhead  main?  as  the  demand  for  service,  or  as  municipal  regula- 
tions, might  dictate. 

(7)  For  reference  I  append  a  table  showing  for  the  eight  cities 
which  I  mention  herein,  the  population,  the  municipal  area  and 
the  area  served  by  Edison  distribution. 


TABLE  I. 


Population 
Census    1900. 


Boston 560,892 

Buffalo    352,387 

Chicago 1,698,575 

Cleveland    381,768 

Detroit    285,704 

Xew  York  (Manhattan).  1,850,093 

Philadelphia 1,293,697 

St.   Louis    575,238 


Estimated        , 

600,939 
425,000 
2,231,000 
426,000 
317,000 


1,700.000 
612,279 


43 
51 

190 
33 
29 
22 

129. 
62. 


Area  served 
by  Edison 

distribution, 
sq.  miles. 


3. 
5 
12 
1. 
3. 


6 


15.5 
3 

7.5 


Note. —  The  built-up  areas  out.side  of  the  central  business  district  of  each 
city  (except  Manhattan)  have  electric  supply  by  alternating  currents.  The 
direct-current  distribution  of  Manhattan  island  covers  all  the  built-up  ter- 
ritory of  the  island.  Each  city  named  has  within  its  municipal  area  much 
land  not  vet  built  on. 


(8)  The  companies  using  the  Edison  system  do  not  abjure  the 
alternating  current.  They  use  it  not  only  in  transmission,  but  for 
general  distribution  in  areas  where  the  density  of  business  is  not 
sufficient  to  Avarrant  the  construction  of  an  Edison  network.  The}'- 
supply  alternating  current  to  motors,  both  polyphase  and  single- 
phase,  in  these  outhing  areas.  In  fact,  the  so-called  Edison  com- 
panies are  among  the  largest  distributors  of  alternating  current  for 
general  use. 

(9)  In  the  immediately  following  paragraphs  I  discuss  my  sub- 
ject in  detail ;  noting  particularly  such  points  as  may  be  of  interest 
to  engineers  not  familiar  with  our  methods;  and  stating  reasons  for 
our  practice  where  reasons  are  not  obvious  or  of  general  knowledge. 

(10)  Stations  and  Siih -stations. —  In  the  older  steam-driven  gen- 
erating stations  each  engine  carries  two  dynamos  connected  one  on 
each  side  of  the  neutral  wire  of  the  three-wire  system.  These 
dynamos  are  shunt-wound  and  can  be  regulated  by  hand  for  any 
voltage  between  the  standard  pressure  of  the  network  and  the  niaxi- 
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mum  pressure  required  to  supply  the  longest  feeder.  In  stations 
constructed  within  the  last  six  or  seven  years,  the  pairs  of  dynamos 
are  usually  only  sufficient  to  provide  for  the  balancing  of  the  system 
ond  single  dynamos  of  the  voltage  proper  for  connection  across  the 
outer  wires  furnish  the  greater  part  of  the  output.  It  is  not  cus- 
tomary to  depend  upon  motor  sets  nor  upon  a  storage  battery  for 
balancing  but  storage  batteries  are  freely  used  as  auxiliary  or  re- 
serve sources  of  current  and  serve  incidentally  to  maintain  balanced 
voltage. 

(11)  Battery  Sith-stations. —  Sub-stations  are  in  some  instances 
purely  storage  battery  stations  in  which  case  the  battery  is  charged 
from  the  network  by  motor-driven  boosters  during  the  hours  of  light 
load  or  else  through  a  direct-current  tie  line  from  the  nearest  gen- 
erating station.  A  well-known  instance  of  the  storage  battery  sub- 
station is  the  Adams  Street  station  of  the  Chicago  Edison  Company 
where  are  installed  batteries  capable  of  supplying  current  during 
the  one  and  one-half  hours  of  daily  maximum  demand  at  the  rate 
of  13,500  amperes  on  each  side  of  the  three-wire  system.  Sub- 
stations receiving  alternating  current  and  transforming  it  to  direct 
are  frequently  equipped  with  storage  batteries.  This  is  the  standard 
practice  of  the  ISTew  York  Edison  Company. 

(12)  Rotary  Converters  and  Motor  Generators. —  The  apparatus 
for  transforming  alternating  current  to  direct  has  thus  far  in  the 
majority  of  cases  been  the  rotary  converter,  but  there  is  a  large 
minority  preferring  and  using  motor  generators.  As  a  rule,  those 
companies  whose  alternating-current  transmission  is  at  25  cycles 
use  rotary  converters  for  transformation  and  those  other  companies 
whose  alternating-current  transmission  is  at  60  cycles  prefer  motor 
generators.  There  are,  however,  some  notable  exceptions;  as  (for 
instance)  the  Cleveland  Electric  Illuminating  Company  which  uses 
60-cycle  rotary  converters,  as  also  do  several  Pacific  coast  companies ; 
and  the  Buffalo  General  Electric  Company  which  uses  motor  gener- 
ators to  convert  the  25-cycle  N'iagara  supply.  The  most  common 
size  of  converter  or  of  motor  generator  set  is  probably  500  kilowatts, 
but  larger  units  are  in  use  and  are  growing  in  favor.  The  standard 
rotary  converter  of  the  New  York  Edison  Company  has  a  capacity 
of  1000  kilowatts  and  one  machine  recently  put  in  service  by  that 
company  and  others  now  being  manufactured  for  it  have  a  capacity 
of  2500  kilowatts  without  exceeding  a  safe  temperature.  The  Buf- 
falo General  Electric  Company  has  had  a  motor  generator  set  of 
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1000-kw  capacity  in  service  for  three  years.  The  Edison  Company 
of  Detroit  has  three  motor-generator  sets  of  1000-kw  capacity  in 
service  and  three  others  being  built.  When  motor  generators  are 
used,  the  transmission  voltage  is  supplied  to  the  motors  without 
reduction,  and  the  choice  between  the  synchronous  motor  and  the 
induction  motor  is  usually  in  favor  of  the  synchronous  machine; 
but  there  are  also  a  large  number  of  induction  sets  of  the  average 
size.  All  the  small  sets  —  say  below  250  kilowatts  —  have  induc- 
tion motors,  and  at  least  one  set  having  an  induction  motor  of  1000 
kilowatts  is  in  regular  and  satisfactory  service.  I  have  thought  it 
well  to  call  attention  to  the  use  of  motor-generator  sets  because 
there  appears  to  be  among  our  European  correspondents  the  im- 
pression that  American  engineers  are  definitely  committed  to  the 
rotary  converter  for  all  uses,  whereas  it  is  only  in  railway  work  that 
the  rotary  converter  can  be  said  to  be  the  accepted  thing.  The  light- 
ing companies  of  Boston,  Buffalo  and  Detroit  use  motor  generators 
exclusively  and  the  Philadelphia  company  uses  them  along  with 
rotary  converters. 

(13)  Balancing  between  the  two  sides  of  the  three-wire  system 
is  obtained  in  sub-stations  as  in  steam  stations  by  the  use  of  pairs 
of  generators.  Eotary  converters  connected  across  the  outer  wires 
have  the  neutral  of  their  transformer  system  connected  to  the 
neutral  wire  of  the  three-wire  mains.  ^\lien  there  are  numerous 
sub-stations  on  the  same  network  it  is  obviously  not  necessary  to 
install  a  balancing  set  in  each  sub-station ;  the  less  so  when  batteries 
are  installed. 

(1-1)  Multiplication  of  Sub -stations. —  The  system  tends  toward 
the  multiplication  of  sub-stations.  As  noted  in  a  previous  para- 
graph it  is  a  much  more  convenient  and  less  expensive  matter  to 
tuild  a  sub-station  and  equip  it  with  rotary  converters  or  motor 
generators  than  it  would  be  to  build  and  equip  a  complete  steam 
generating  plant.  Many  sub-stations  are  now  operated  as  one- 
watch  stations ;  that  is  to  say,  they  are  operated  only  during  a  short 
period  daily,  which  period  is  covered  by  one  staff  of  operators. 
The  staff  in  a  number  of  instances  within  my  knowledge  is  reduced 
to  one  man.  This  condition  prevails  in  districts  such  as  residence 
districts  where  there  is  an  evening  load  but  no  day  load ;  or  (to  be 
more  precise)  where  the  day  load  is  so  small  that  it  can  be  supplied 
through  the  network  from  distant  generating  stations.  A  similar 
condition  obtains  in  the  office  l)uil(ling  and  wholesale  districts  of 
the  larger  cities  where  there  is  a  heavy  daylight  and  early  evening 


DOW:     DIRECT-CURRENT  DI8TRIBUTI0X.  G13 

load  and  little  or  no  load  during  the  night.  Such  sub-stations  may 
be  operated  by  two  eight-hour  shifts  of  men.  The  duties  of  em- 
ployees operating  motor  generators  or  battery  stations  are  very 
simple.  These  employees  are  under  the  control  by  telephone  of  the 
central  or  district  operating  chief  to  whom  any  question  arising  in 
practice  is  referred  and  by  whom  instructions  are  given  in  case  of 
accident  or  emergency  requiring  unusual  action.  It  follows  tliat 
the  wages  paid  sub-station  operators  are  not  large  and  that,  there- 
fore, there  is  little  or  nothing  to  be  gained  by  the  concentration  ol 
plant  or  by  the  installation  of  automatic  regulators. 

(15)  Obviously  the  multiplication  of  sub-stations  means  the  re- 
duction of  the  investment  in  feeders.  The  network  of  mains  will 
be  the  same  whether  it  is  served  from  one  station  or  from  several, 
but  the  cost  of  feeders  will  be  much  reduced  if  the  service  is  from 
several  sub-stations  instead  of  from  one.  In  general  it  ])avs  to  in- 
crease the  number  of  sub-stations  so  long  as  the  reduction  in  cost 
of  feeders  will  pay  for  the  land  and  buildings.  The  depreciation 
of  land  and  buildings  is  less  than  the  depreciation  of  feeders  — 
sufficiently  less  in  many  cases  to  pay  the  additional  wages  required 
by  the  extra  sub-station.  This  general  rule  has  its  obvious  limita- 
tions. We  cannot  afford  to  put  up  a  toy  sub-station  to  save  a  few 
thousand  dollars  investment  in  cables;  but  when  we  are  installing 
converting  equipment  in  500  kilowatt  or  1000-kw  units,  the  cost 
of  land  and  buildings  is  a  small  proportion  of  the  total  expense. 
It  is  to  be  remembered  also  that  it  is  not  necessary  to  carry  complete 
reserve  equipment  in  each  sub-station.  Any  sub-station  can  by  rais- 
ing the  generating  pressure  force  current  through  the  network  into 
the  area  normally  served  by  an  adjacent  station. 

(IG)  Eegulation  of  Pressure. —  Pressure  Avires  led  back  from 
feeding  points  are  used  to  indicate  in  the  station  or  sub-stations  the 
pressure  maintained  on  the  system.  The  regulation  is  performed  by 
a  switchboard  attendant.  Neither  automatic  regulating  devices  nor 
the  compound  winding  of  generators  have  been  approved  by  the 
Edison  companies.  The  switch  gear  is  so  arranged  that  separate 
groups  of  feeders  may  be  connected  to  separate  generators  or  banks 
of  generators.  The  longer  or  heavier  loaded  feeders  are  thus  con- 
nected to  and  served  by  a  generator  which  is  operated  at  a  higher 
pressure  than  that  required  by  the  shorter  or  less  lightly  loaded  feed- 
ers. In  some  stations  provision  is  made  for  as  many  as  five  groups 
of  feeders.  Obviously  all  the  generators  are  in  parallel  with  one 
another  through  the  network  although  not  directly  connected  in 
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parallel  at  the  station,  and  the  division  of  load  between  the  gen- 
erators is  accomplished  in  the  usual  way  by  increase  or  decrease  of 
field  strength.  The  variation  of  field  strength  sufficient  to  cause 
the  generator  operating  any  group  of  feeders  to  take  its  proper  share 
of  the  load  is  not  sufficient  to  cause  any  material  variation  of  the 
pressure  in  the  network.  This  method  of  grouping  feeders,  together 
with  the  customan^  proper  adjustment  of  the  cross-section  of  each 
feeder  to  its  length  and  load,  provides  sufficiently  for  ordinary 
equalization  of  pressure  throughout  the  network.  Eotary  converters 
are,  of  course,  regulated  by  induction  regulators  or  by  variable  ratio 
transformers  —  not  by  variation  of  field. 

(17)  Distributing  Network. —  The  network  itself  may  be  either 
overhead  or  underground,  but  in  all  cities  of  the  first  class  the  mains 
in  the  central  districts  have  been  underground  from  the  beginning. 
In  small  cities  and  in  the  less  densely  populated  districts  of  the  large 
cities,  overhead  mains  are  customary.  There  is  nothing  unusual 
about  the  construction  of  these  overhead  mains,  the  methods  com- 
mon for  many  years  in  telegraph  work  being  followed.  The  wires 
or  cables  are  covered  with  two  or  three  braids  of  cotton  saturated 
with  ozokerite  or  some  asphaltic  compound,  the  covering  being  in- 
tended for  the  convenience  of  the  erecting  and  maintenance  men 
rather  than  as  an  insulation.  In  dry  weather  these  braided  wires 
carrying  currents  of  comparatively  low  potential  can  be  handled 
or  laid  on  the  earth  or  even  swung  together  without  making  trouble, 
whereas  bare  wires  cannot  be  so  dealt  with  and  would  require  much 
greater  care  in  handling.  The  neutral  wire  of  the  network,  whether 
overhead  or  underground,  is  always  connected  to  earth.  This  has 
been  customary  for  10  years  past. 

(18)  Underground  Conductors. —  The  Edison  tube  is  still  in  use 
as  a  distributing  main.  It  is  likely  to  continue  in  use  for  many  years 
to  come.  As  manufactured  during  the  last  10  years  it  has  proved 
to  be  a  reliable  and  convenient  form  of  conductor.  The  only  radical 
difference  between  the  older  and  newer  form  of  Edison  three-wire 
tube  is  that  in  the  new  tube  more  space  is  left  for  insulating  com- 
pound around  the  coppers.  Tubes  of  2  in.  internal  diameter 
containing  three  200.000  circular  mil  (.157  sq.  in.)  coppers,  and 
tubes  of  2  1/2  ins.  internal  diameter  containing  three  coppers  either 
of  350,000  circular  mils  (.275  sq.  in.)  or  of  500,000  circular  mils 
(.393  sq.  ill.)  are  the  sizes  in  most  common  use.  Wlien  larger 
carrying  capacities  are  required  in  the  one  main  it  is  now  customary 
to  employ  cables,  such  cable  mains  and  all  feeders  laid  in  recent 
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years  being  usually  of  paper  insulated  and  lead  covered  cable  drawn 
into  vitrified  tile  ducts.  Tbere  is  in  service  much  cable  laid  "  solid," 
but  the  solid  method  is  not  now  approved.  The  "  draw-in  "  method 
has  been  found  not  only  more  convenient  but  cheaper. 

(19)  Fusible  Links. —  The  connections  between  sections  of  the 
underground  network  are  fusible  links  of  sheet  copper  of  such  di- 
mensions that  they  will  fuse  at  twice  the  "  overload  rating  "  of  the 
mains  they  are  intended  to  protect.  The  overload  rating  is  the 
current  which  the  main  will  carry  for  a  short  period  —  say  two 
hours  —  before  it  attains  an  unsafe  temperature.  This  is  a  much 
greater  current  than  could  be  continuously  carried.  The  copper 
fuse  link  has  a  considerable  time  constant  —  four  or  five  seconds  — 
and  obviously  it  will  not  be  melted  by  any  momentary  overload. 
Neither  will  it  be  melted  by  the  extra  current  flowing  when  the 
failure  of  a  feeder  causes  the  supply  of  a  district  to  reach  it  through 
adjacent  mains  instead  of  by  the  normal  course.  But  the  copper 
link  melts  promptly  in  case  of  a  short-circuit  between  the  conductors 
of  the  underground  system,  and  that  is  all  that  is  expected  of  it. 
In  practice  a  fault  in  the  mains  is  either  burned  off,  or  "  blown 
loose "  by  the  melting  of  the  fuses  connecting  that  particular 
length  of  mains  to  the  network.  A  fault  in  a  feeder  is  usually  dealt 
with  by  the  operator  pulling  the  swatch  at  the  station.  The  return 
current  from  the  system  then  melts  the  fuse  at  the  distant  end  of 
the  feeder.  These  links  are  a  convenient  means  of  disconnecting 
sections  of  mains  for  testing  or  during  repairs.  Similar  links  are 
used  to  some  extent  on  overhead  mains,  but  it  is  much  more  com- 
mon to  connect  up  the  overhead  network  without  fuses.  It  goes 
without  saying  that  every  service  into  the  premises  of  a  customer 
has  fuses  at  the  entrance  point. 

(20)  Direct  Current. —  Distribution  at  constant  pressure  is  uni- 
versally accepted.  Distribution  of  direct  current  is,  however,  an 
Edison  practice  much  criticised  or  challenged  in  the  past  and  pres- 
ent by  engineers  who  believe  in  alternating  current.  In  later  years 
when  transmission  by  alternating  current  is  so  frequently  combined 
with  distribution  of  direct  current  the  challenge  usually  takes  the 
form  of  a  query  as  to  what  justification  there  can  be  for  the  ex- 
pense of  converting  machinery  requiring  sub-stations  and  attend- 
ance for  its  housing  and  care.  The  challengers  assume  or  state  that 
alternating  current  will  meet  all  practical  demands  and  that,  there- 
fore, its  conversion  to  direct  current  requires  needless  investment 
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and  needless  operating  expense.     That  is  an  assumption  which  I 
will  discuss  later. 

(21)  The  immediate  justification  of  our  adoption  of  direct  cur- 
rent is  historical  and  commercial  rather  than  technical.  Neverthe- 
less the  technical  justification  is  in  itself  sufficient  and  seems  likely 
to  continue  sufficient  for  several  years  to  come. 

(22)  Historical. —  I  give  first  the  historical  justification.  It  i"* 
that  our  industry  obtained  its  first  great  development  in  the  years 
1885  to  1890.  Before  that  time  and  during  that  time  the  Edison 
system  was  the  only  complete  practical  system  of  distribution  known 
to  the  art  of  electric  lighting.  By  1885  the  system  had  been  de- 
veloped in  all  its  essentials.  Generators  which  would  operate  in 
multiple,  the  feeder  and  main  system,  three-wire  mains,  distribution 
at  constant  pressure,  practical  underground  conductors,  practical 
incandescent  lamps  of  high  resistance,  practical  motors  —  all  of 
these  were  found  in  the  Edison  system  and  nowhere  else.  By  1890 
this  condition  was  not  materially  changed.  During  the  years  1885 
to  1890  the  alternating-current  dynamo  and  the  alternating-current 
transformer  were  assuming  their  practical  form.  Kot  until  1890 
could  it  be  said  that  they  were  satisfactory  operative  devices.  It  is 
well  to  have  this  fact  firmly  impressed  upon  your  minds  —  that 
many  thousand  kilowatts  of  direct-current  central  station  ma- 
chinery and  of  direct-current  motors  still  in  regular  and  efficient 
service  were  in  service  before  the  alternating-current  transformer 
could  be  deemed  a  practical  and  reliable  de\dce. 

The  advocate  today  of  alternating  currents  has  in  the  alternating- 
current  transformer  of  today  a  most  efficient  and  reliable  piece  of 
apparatus;  but  the  engineer  who  as  late  as  1890  dispassionately 
considered  the  possibilities  of  alternating-current  transmission  was 
compelled  to  recognize  in  the  transformer  of  that  day  the  weak 
point  of  his  system  —  weak  both  in  respect  of  reliability  and  of 
efficiency.  And  when  he  turned  to  consider  arc  lamps  and  motors 
he  found  himself  compelled  to  admit  that  alternating  arc  lamps 
were  impracticable  and  alternating  motors  were  non-existent. 

(23)  Commercial. —  From  the  commercial  point  of  view  the 
adoption  of  direct-current  distribution  was  warranted  in  the  begin- 
ning by  the  fact  that  the  capitalist  who  desired  to  invest  his  fund- 
in  an  electric  lighting  enterprise  could  obtain  an  operative  direct- 
current  system  complete  in  all  its  details  from  the  generating  plant 
to  the  last  translating  device  without  engaging  in  any  experiment. 
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and  with  a  positive  certainty  as  to  the  operative  efficiency  and  a 
reasonable  certainty  as  to  the  extent  of  the  repair  bill.  The  capi- 
talist who  invested  in  direct-current  central  station  apparatus  in 
the  early  days  of  the  industry  usually  made  money.  The  capitalist 
Avho  invested  in  alternating-current  apparatus  almost  invariably 
lost  money.  That  this  was  due  to  any  inherent  difference  between 
direct  and  alternating  current  is  not  to  be  understood  by  us  as  en- 
gineers, but  that  such  was  the  understanding  or  belief  of  many  of 
the  men  who  supplied  the  money  for  the  early  electric-light  station^; 
is  a  fact  still  vividly  impressed  upon  the  memories  of  some  of  us. 
The  truth  of  the  matter  was  that  in  municipal  areas  where  the  con- 
ditions predicated  the  installation  of  an  early  Edison  system  there 
was  likely  to  be  sufficient  business  to  make  the  installation  profit- 
able. An  exactly  similar  district  might  have  supported  an  alternat- 
ing station  equally  well,  but  the  direct-current  men  were  first  in 
the  field  and  pre-empted  all  the  best  locations.  Alternating-current 
men,  imbued  with  belief  in  the  long-distance  capabilities  of  their 
system,  too  often  undertook  commercial  impossibilities. 

(24)  It  is  necessary  in  recalling  the  causes  which  led  to  the 
commercial  success  of  the  Edison  companies  to  recognize  the  effect 
of  the  establishment  among  them  almost  from  the  beginning  of  a 
uniform  system  of  accounts  and  reports^  and  of  arrangements  for 
thfi  confidential  distribution  and  exchange  of  practical  information. 
The  system  of  accoimts,  although  far  from  complete,  served  for  the 
making  of  intelligent  comparisons.  The  correspondence  between 
difl;erent  companies  and  the  meetings  held  for  educational  pur- 
poses built  up  a  community  of  interest  which  has  continued  in  an 
Hctive  and  useful  form  to  the  present  day.  The  commercial  value 
of  this  community  of  interest  —  of  personal  and  technical,  not 
financial  interest  —  has  been  and  continues  to  be  very  great.  That 
it  existed  in  the  beginning  only  among  the  so-called  Edison  com- 
panies tended  materially  toward  the  permanent  establishment  of 
direct-current  distriljution  throughout  the  United  States. 

(25)  The  Persistence  of  Direct-Current  Distribution. —  The 
reasons  for  the  persistence  of  the  use  of  direct  current  are  not 
merely  commercial,  but  are  technical.  The  immediate  and  obvious 
commercial  reason  is  that  the  existing  investment  in  direct-cur- 
rent apparatus  is  so  great  that  only  some  tremendous  advantage  to 

1.  It  was  Mr.  Thomas  A.  Edison,  personally,  and  in  tlie  beginning,  who 
pointed  out  the  engineering  value  of  a  uniform  system  of  accounts  and  reports 
tor  all. stations. 
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he  gained  by  a  change  —  an  advantage  very  much  greater  than  the 
most  extreme  advocates  of  alternating  current  have  yet  suggested 
—  could  possibly  warrant  the  wiping  out  of  our  present  equip- 
ment. That  equipment  includes  not  only  our  central  station 
machinery  but  the  immense  investment  of  our  customers  in  motors 
and  the  investment  made  both  by  our  customers  and  ourselves  in 
arc  lamps.  How  great  these  investments  are  must  be  obvious  even 
to  our  most  recent  visitor.  It  is  well,  perhaps,  to  give  some  idea 
of  the  investment  in  direct-current  motors  which,  scattered  around 
in  customers'  premises,  are  not  so  apparent  to  a  chance  visitor.  On 
the  Island  of  ^Manhattan,  for  instance,  there  are  connected  to 
direct-current  distributing  circuits  approximately  15,000  motors,, 
having  a  capacity  of  85,072  horse-power.  In  the  direct-current 
area  of  Chicago  the  connection  is  over  9000  motors,  having  a  ca- 
pacity of  43,230  horse-power.  In  the  comparatively  small  city 
CI  Detroit  the  connection  is  872  motors  of  4541  horse-power.  You 
will  note  that  the  average  horse-power  is  small.  You  will  please 
also  understand  that  this  connection  does  not  include  fan  motors, 
dental  motors  and  similar  little  machines.  It  includes  only  motors 
of  one-half  horse-power  and  upwards.  The  expense  of  substituting 
alternating-current  machines  for  these  direct-current  machines 
would  have  to  be  borne  by  the  electric-light  company.  The  cus- 
tomers would  not  stand  it. 

(26)  Another  commercial  consideration  is  that  our  new  alter- 
nating construction  would  cost  but  little  less  than  direct-current 
construction.  Our  generating  equipment  would  not  be  altered  in 
cost.  Our  equipment  of  motor  generators  or  rotary  converters 
would,  of  course,  be  replaced  by  transformers  and  there  we  would 
have  a  material  saving;  but  the  motor  equipment  hereafter  sold 
to  our  customers  would  cost  more,  as  also  would  arc  lamps.  In 
respect  of  meters  we  would,  because  of  our  ordinary  use  of  the 
Thomson  integrating  wattmeter  for  direct-current  service,  save 
some  money.  The  induction  type  of  meter  for  alternating  currents 
is  cheaper  both  in  manufacturing  cost  and  selling  price  and  better 
maintains  its  initial  accuracy  of  registration.  The  present  differ- 
ence in  cost  of  arc  lamps  is  considerable.  A  cheap  but  practical 
direct-current  arc  lamp  costs  less  than  $10.  A  similar  alternating 
lamp  costs  approximately  $13.  The  same  ratio  obtains  between  the 
cost  of  direct  and  alternating  arc  lamps  of  the  better  qualities.  As 
to  the  difference  in  cost  of  motors^  I  think  that  is  well  shown  by 
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Table  II,  in  which  I  show  actual  prices  quoted  on  a  recent  pur- 
chase of  motors.  The  motors  priced  are  of  similar  workmanship 
and  efficiencies. 

Table  II. 

Motors  sold  to Company,  to  be  connected  to 

direct-current  circuit  at Avenue. 

1  65-hp,  direct-current  motor,  220  volts,  $722  00 

1  20-hp,  direct-current  motor,  220  volts,  366  00 

1     5-hp,  direct-current  motor,  220  volts,  142  00 

Total, 

To  equip  with  3-phase  induction  motors  would  cost: 
1  65-hp,  3-phaise,  alternating-current  motor,  220  volts, 
1  20-hp,  3-phase,  alternating-current  motor,  220  volts, 

1  5-hp,  3-phase,  alternating-current  motor,  220  volts, 

Total,  $1,793  00 

To  use  single-phase  motors  would  necessitate  using  four  lo-hp 
in  place  of  the  one  65-hp,  and  two  10-hp  in  place  of  one  20-hp, 
making  the  cost : 
4  15-hp,  single-phase,  alternating-current  motors,  $1,520  00 

2  10-hp,  single-phase,  alternating-current  motors,  610  00 
1     5-hp,  single-phase,  alternating-current  motor,                    170  00 


$1,230 

00 

$930 

00 

635 

00 

228 

00 

Total,  $2,300  00 

(27)  Shop  Cost  of  Motors. —  At  this  point  I  expect  to  be  chal- 
lenged by  some  engineer,  perhaps  one  of  our  European  visitors,  who 
will  insist  that  the  lower  price  of  the  direct-current  motor  is  un- 
natural and  artificial.  I  admit  that  the  difference  in  price  between 
direct-current  and  alternating-current  motors  is  at  present  greater 
than  is  warranted  by  their  respective  shop  costs.  On  the  other 
hand,  I  doubt  seriously  whether  even  the  polyphase  motor  —  not 
to  say  the  single-phase  motor  —  will  ever .  be  built  in  American 
shops  at  a  cost  materially  less  than  the  direct-current  motor.  The 
single-phase  motor,  afflicted  either  with-  a  commutator  or  a  con- 
denser, is  obviously  an  expensive  machine  to  make.  The  polyphase 
motor,  however,  with  a  simple  rotor  and  no  commutator  may  in 
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time  be  built  as  cheaply  as  the  direct-current  machine;  but  it  is 
to  be  remembered  that  the  two  or  four  or  six  field  coils  of  the 
direct-current  machine  are  much  simpler  propositions  in  the  ma- 
chine shop  and  in  the  winding-room  than  is  the  wound  stator  of 
the  induction  motor.  The  rotor  of  the  induction  motor  should  not 
cost  more  than  the  armature  of  the  direct-current  machine.  Either 
motor  requires  a  starting  device.  The  direct-current  motor  is  by 
long  custom  equipped  with  a  starting  rheostat  combined  with  an 
automatic  disconnecting  device.  The  polyphase  motor,  if  it  is  to 
be  started  without  disturbing  the  regulation  of  the  lighting  system, 
must  have  either  a  device  for  interpolating  resistance  in  the  rotor 
circuit  or  a  variable  ratio  transformer  commonly  called  a  com- 
pensator. The  cost  of  either  of  these  is  greater  than  the  cost  of 
the  exceedingly  simple  direct-current  rheostat.  I  am  inclined  to 
believe  that  the  cost  of  the  commutator  and  brushes  on  the  direct- 
current  machine  will  continue  to  be  offset  by  the  greater  cost  of 
the  stator  winding  and  the  starting  device  of  the  polyphase  motor. 
Commutators  are  built  cheaply  in  American  motor  shops  and  make 
very  little  trouble  in  operation.  This  latter  statement  is  true 
since  the  adoption  of  the  carbon  brush.  Our  motor  inspectors  find 
very  little  commutator  trouble  nowadays,  and  the  maintenance  of 
the  motor  commutator  is  an  exceedingly  small  item  in  the  ex- 
pense of  operation. 

(28)  Alternating  Distribution. —  It  is  claimed  by  the  advocates 
of  alternating  distribution  that  sub-stations  are  unnecessary  if 
the  alternating  transformer  system  is  used.  In  practice  we  do  not 
find  this  to  be  so.  We  find  that  while  the  number  of  sub-stations 
may  be  reduced,  yet  the  requirements  of  regulation  make  some  sub- 
stations not  only  desirable  but  necessary.  It  is  out  of  the  question 
to  control  the  distribution  throughout  a  large  urban  district  from 
one  regulating  point  —  the  more  so  if  that  point  be  located  at  a 
distant  generating  station.  We  hear  from  time  to  time  rumors  of 
this  being  successfully  done  but  when  we  follow  up  those  rumors  we 
find  either  that  the  load  is  essentially  constant  or  that  the  exact- 
ness of  regulation  required  is  far  less  than  our  standard  of  2  per 
cent  plus  or  minus.  We  do  not  see  our  way  to  change  our  standard 
of  regulation;  neither  is  it  possible  for  us  to  modify  the  load  re- 
quirements of  our  urban  areas.  The  variation  of  load  in  these 
areas  is  so  effectively  dealt  with  by  our  sub-station  system  that  wd 
do  not  look  kindly  upon  any  less  effective  method. 


DOW:     DIRECT-CURRENT  DISTRIBUTION.  621 

(29)  Moreover,  the  advocate  of  alternating  current  does  not 
nowadays  approve  of  scattered  transformers.  He  used  to  tell  us 
that  transformers  might  be  placed  any  place,  that  the  space  re- 
quired was  negligible,  and  that  the  less  the  length  of  secondary 
mains  between  transformer  and  translating  device  the  better  would 
be  the  service.  Now  we  are  told  that  a  secondary  network  is  as 
desirable  with  alternating  current  as  it  is  with  direct  current  and 
that  the  transformer  capacity  should  be  concentrated  in  as  few 
units  as  possible.  When  these  units  reach  the  500  or  1000-kw 
size  (as  they  certainly  must  do  under  our  urban  conditions)  some 
kind  of  a  sub-station  is  necessary  to  hold  them  and  the  step  from 
a  shelter  sub-station  to  a  regulating  sub-station  is  a  small  one. 

(30)  Motors  and  Arcs. —  There  will,  therefore,  be  little  or  no 
change  in  our  network  nor  in  our  system  of  feeders.  The  prin- 
cipal change  would  be  the  substitution  of  large  transformers  for 
the  motor  generators  or  rotary  converters.  But  when  we  reach  the 
translating  devices  there  must  be  radical  changes.  The  difference 
ir.  cost  of  motors  and  in  arc  lamps  has  already  been  noted.  The 
difference  in  ei^iciency  deserves  consideration.  That  there  will  be 
any  material  difference  of  motor  ei^iciency  does  not  appear.  For 
equal  ultimate  cost,  over  the  range  of  sizes  required  in  a  com- 
mercial distribution,  the  efficiency  of  either  type  of  motor  will  be 
practically  the  same.  The  amount  of  light  given  for  equal  energy 
by  the  alternating  arc  lamp  is  probably  equal  to  that  given  by 
the  direct-current  lamp.  The  steadying  resistance  of  the  direct- 
current  lamp  can  be  dispensed  with  and  thereby  a  considerable- 
saving  of  energy  effected  but  the  character  of  the  light  given  by 
the  alternating  arc  is  thoroughly  unsatisfactory.  When  the  two- 
services  are  operated  side  by  side,  the  user  invariably  demands  the 
direct-current  service  even  when  he  has  to  pay  for  the  loss  in  the 
steadying  resistance.  This  is  not  a  theory.  This  is  actually  a 
commercial  condition  and  its  technical  reasons  are  so  well  known 
that  I  need  not  state  them  here.  The  change  of  interior  illumi- 
nation from  direct-current  arcs  to  alternating-current  arcs  can 
practically  be  accomplished  only  by  making  concessions  in  price 
to  the  customer.  To  change  from  direct  to  alternating  arcs  for 
exterior  illumination  is  easier  but  still  it  is  an  undertaking  re- 
quiring much  tact. 

(31)  Nemst  and  Incandescent  Lamps. —  With  Nernst  lamps 
the  alternating  current  has  the  advantage.     In  the  United  States 
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the  Nernst  lamp  is  used  solely  on  alternating  circuits,  and  its 
experimental  use  on  direct-current  circuits  has  not  been  a  com- 
mercial success.  The  lamp  gives  good  light  on  direct  current  but 
the  life  of  the  glower  is  shortened  to  an  extent  which  makes  a 
serious  difference  in  the  operating  cost.  Xernst  lamps  are  not  yet 
a  large  factor  in  our  business  although  their  use  is  steadily  increas- 
ing. Incandescent  lamps  are,  of  course,  equally  effective  with 
either  direct  or  alternating  current. 

(32)  Storage  Batteries. —  The  storage  battery  is  not  a  practical 
auxiliary  to  an  alternating-current  system.  Its  use  on  such  a  sys- 
tem requires  the  interpolation  of  motor  generators  or  converters 
having  a  capacity  equal  to  the  maximum  output  of  the  battery.  The 
Edison  companies  of  the  United  States  have  for  years  been  free 
users  of  the  storage  battery.  The  number  of  electric  automobiles 
13  constantly  increasing.  The  custom  of  the  owners  of  electric 
automobiles  is  to  charge  their  vehicle  batteries  from  their  house 
supply.  Obviously  a  house  supply  of  alternating  current  would 
mean  the  installation  and  maintenance  of  converting  apparatus. 

(33)  Minor  Uses  of  Direct  Current. —  There  are  a  number  of 
minor  uses  of  direct  current  as  in  electro-chemical  processes,  electro- 
medical apparatus,  mercury  arcs  used  by  photographers,  etc.  These 
uses  are  not  now  important  but  deserve  mention.  Some  of  them 
may  become  important. 

(34)  Regulation  Required  hy  Incandescent  Lamps. —  In  a  pre- 
ceding paragraph  (28)  I  have  noted  that  our  rule  is  to  maintain  a 
regulation  within  2  per  cent  plus  and  minus  of  the  declared  voltage. 
Our  practice  is  somewhat  better  than  our  rule.  We  have  learned 
by  experience  that  the  efficiency  and  durability  of  incandescent 
lamps  depend  mainly  upon  exact  regulation  of  voltage.  I  desire  to 
remind  our  foreign  visitors  that  most  of  the  large  American  com- 
panies own  the  incandescent  lamps  used  by  their  customers,  and 
that  all  of  them  renew  those  lamps  either  free  or  at  a  price  con- 
siderably less  than  the  cost  of  the  lamps.  I  desire  to  remind  our 
visitors  also  that  the  great  majority  of  our  lamps  are  16-cp 
lamps,  using  50  watts,  the  candle-power  being  in  terms  of  the 
English  standard  candle  measured  horizontally  when  the  lamp 
is  rotated  in  an  upright  position.  Carbon  filament  lamps  run  at 
the  temperature  corresponding  to  the  figures  just  given  are  sen- 
sitive to  variations  of  voltage  —  blackening  rapidly  if  they  are 
overrun  and  failing  to  give  satisfactory  light  if  underrun.     The 
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failure  to  give  satisfactory  light  brings  immediate  complaints  from 
customers.  Overrunning  increases  rapidly  the  cost  of  lamp  re- 
newals. Please  remember  that  our  custom  is  to  renew  a  lamp  as 
soon  as  it  is  blackened  to  such  an  extent  as  to  displease  the  cus- 
tomer's eye.  We  do  not  require  that  the  filament  be  burned  out; 
in  fact  some  of  us  so  effectively  encourage  customers  to  bring  in 
their  lamps  for  renewal  that  comparatively  few  lamps  are  burned 
out  and  that  the  average  service  of  a  16-cp  lamp  before  it  is 
exchanged  is  little  in  excess  of  400  hours.  Our  policy  in  respect 
to  incandescent  lamps  is  dictated  by  our  belief  that  what  our 
customers  expect  to  purchase  from  us  is  light,  and  that  we  cannot 
supply  their  wants  by  selling  them  electric  energy  and  permitting 
them  to  select  and  maintain  their  own  incandescent  lamps. 

(35)  I  expect  that  my  statement  as  to  our  customary  use  of 
lamps  having  an  efficiency  of  3.1  watts  per  candle  will  be  challenged 
by  some  of  our  visitors.  I  find  that  my  British  correspondents 
are  generally  incredulous  on  this  point;  their  incredulity  being 
based  upon  their  own  experience  rather  than  upon  a  knowledge 
of  ours.  We  have,  however,  been  purchasing  lamps  sold  as  of  an 
efficiency  of  3.1  watts  for  15  years  past,  and  for  more  than  seven 
years  past  we  have  known  positively  that  we  got  what  we  pur- 
chased. Our  present  specifications  for  incandescent  lamps  —  that 
is  to  say,  the  specifications  adopted  by  60  or  70  of  the  large  light- 
ing companies  forming  the  Edison  group  and  also  by  several  com- 
panies outside  of  that  group  —  require  that  lamps  of  a  candle-power 
of  16  and  upwards  shall  have  horizontal  candle-power  at  marked 
voltage  of  one  candle  for  each  3.1  watts  supplied.  Under  this  con- 
dition the  lamp  is  required  to  last  in  continuous  service  over  470 
hours  before  its  candle-power  is  reduced  by  blackening  below 
80  per  cent  of  the  initial  candle-power.  The  specification  is  filled 
in  practice.  That  it  shall  be  filled  is  secured  by  factory  inspection 
and  tests  made  by  a  special  testing  bureau  which  has  been  in  oper- 
ation for  over  seven  years.  The  customary  tests  include  (inter 
alia)  the  measurement  of  watts  and  candle-power  at  marked 
voltage  of  5  per  cent  of  all  the  lamps  manufactured  for  us,  the 
lamps  measured  being  selected  at  random  before  they  are  packed  — 
not  from  the  top  of  the  barrel  after  packing.  Out  of  this  5  per 
cent,  one-tenth,  that  is  to  say,  one-half  of  1  per  cent  of  the  total 
product,  are  given  a  continuous  life  test,  being  run  at  marked 
voltgge  until  the  candle-power  has  fallen  to  80  per  cent  of  its 
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initial  value.  The  testing  organization  which  I  refer  to  inspected, 
tested  and  approved  for  shipment  during  the  last  12  months  for 
which  the  records  are  complete,  5  3/4  millions  of  lamps  of  16 
candle-power  at  50  watts,  in  addition  to  a  very  considerable  number 
of  lamps  of  higher  candle-power  and  similar  efficiency.  Nor  are  the 
Edison  companies  the  only  users  of  such  lamps.  There  are  other 
users  who  purchase  lamps  subject  to  similar  tests;  and  over  and 
above  these  inspected  and  tested  lamps  there  are  sales  by  repu- 
table factories  of  lamps  not  similarly  tested  but  made  to  conform 
to  similar  specifications.  I  have  thought  it  necessary  to  give  these 
details  because  so  many  of  my  British  friends  believe  a  3.1-lamp 
to  be  commercially  impossible.  It  certainly  is  commercially  im- 
possible so  long  as  you  leave  your  customers  to  buy  their  own  lamps. 
(36)  The  reason  for  our  use  of  an  incandescent  lamp  of  this 
comparatively  high  efficiency  is  our  desire  to  furnish  the  most  light 
at  the  lowest  cost.  We  have  many  times  and  under  many  condi- 
tions calculated  the  effect  on  our  investment  and  on  our  operating 
costs  of  the  substitution  of  a  lamp  of  lower  efficiency  but  the  gen- 
eral result  is  invariably  the  same;  the  precise  values  obtained  by 
the  calculation  varying  only  with  the  minor  conditions.  Please 
understand  that  we  recommend  and  use  lamps  requiring  more 
current  for  the  same  light  —  that  is  to  say,  lamps  of  lower  effi- 
ciency —  when  good  regulation  is  hopeless ;  as  for  instance,  on 
circuits  where  a  large  proportion  of  the  load  is  of  necessity  in 
the  form  of  motors  having  unsteady  or  irregular  loads;  or  where 
the  total  work  to  be  done  is  not  sufficient  to  warrant  the  cost  of 
good  regulation.  In  our  central  station  practice,  however,  we 
have  always  set  reliability  of  service  first;  good  regulation  —  that 
is  to  say,  good  quality  of  service  —  second,  and  low  operating  cost 
third.  And  although,  as  already  said,  our  central  station  calcu- 
lations invariably  justify  the  use  of  the  3.1-watt  lamp  as  giving  the 
most  light  for  the  least  money  spent  in  fixed  charges  and  operating 
charges,  I  am  inclined  to  believe  that  even  if  our  calculations  gave 
results  warranting  the  use  of  a  lamp  of  lower  efficiency  we  would 
still  insist  for  business  reasons  on  the  same  effective  regulation  of 
the  light  given.  A  company  which  gives  good  steady  clear  light 
deserves  and  can  expect  a  constant  growth  of  its  business.  A  com- 
pany which  offers  an  inferior  service  even  at  a  reduced  price  fails 
to  meet  the  commercial  requirements  of  American  cities. 
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(37)  Comparative  Regulation  of  Alternating  and  Direct  Sys- 
tems.—  This  discussion  of  the  regulation  required  by  incandescent 
lamps  leads  to  consideration  of  the  comparative  regulation  of  alter- 
nating and  direct-current  systems.  The  broad  difference  between 
the  two  is  well  known  to  you.  The  regulation  of  a  direct-current 
system  between  dynamo  and  translating  device  depends  solely  upon 
the  resistance  of  the  circuit.  The  regulation  of  an  alternating- 
current  system  depends  upon  resistance,  inductance  and  power 
factor  of  the  load.  The  power  factor  for  incandescent  lamps  and 
for  Nernst  lamps  is  identical  with  either  current.  The  power  fac- 
tor for  arc  lamps  and  for  motors  under  average  central  station 
conditions  is  very  seriously  different.  A  mixed  load,  supplied 
through  transformers,  of  incandescent  lamps,  arc  lamps  and  motors 
in  the  proportions  common  in  central-station  practice  will  have  a 
power  factor  seldom  better  than  .9  and  frequently  lower  than  .8. 
These  figures  are  not  theories  —  they  are  observations.  Please 
do  not  forget  that  these  American  direct-current  central  station 
companies  are  among  the  largest  distributors  of  alternating  cur- 
rent not  only  in  the  United  States  but  in  the  world.  We,  there- 
fore, have  experience  to  speak  from.  Please  do  not  forget  either 
that  the  motor  load  in  American  cities  is  very  large  and  that  the 
arc  lamp  load  is  always  respectable.  During  the  evening  peak  the 
incandescent  lights  predominate.  At  other  hours  the  motor  load 
is  likely  to  be  one-half  or  more  of  the  total  service.  Our  direct- 
current  methods  allow  us  to  follow  closely  by  hand  regulation  the 
variations  of  the  evening  load.  The  copper  which  is  sufficient  to 
carry  without  overheating  the  maximum  evening  load  is  amply  suffi- 
cient to  carry  without  disturbance  of  pressure  the  rushes  of  current 
due  to  direct-current  elevator  motors  and  similar  intermittently 
operated  devices.  But  that  same  copper  would  not  be  sufficient  to 
take  care  either  of  the  evening  load  or  of  the  intermittent  service 
motors  if  the  distribution  should  be  by  alternating  currents.  An 
increase  of  at  least  10  per  cent  in  copper  would  be  necessary  and 
if  the  proportion  of  intermittent  service  motors  were  high  a  still 
greater  increase  would  be  required  either  in  the  general  network 
or  in  the  form  of  a  special  circuit  for  intermittent  services. 

(38)  Elevator  Service. —  I  suspect  that  the  point  of  view  from 
which  the  large  American  companies  regard  the  elevator  motor  is 
not  recognized  by  some  of  our  friends.  We  do  not  look  upon  the 
elevator  motor  as  an  undesirable  load,  neither  as  necessarily  a  dis- 
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turber  of  the  system.  On  the  contrary  we  seek  to  connect  so  many 
elevator  motors  that  their  individually  intermittent  operation  will 
provide  (because  of  their  number)  a  continuous  load.  Momentary 
loads  due  to  the  simultaneous  starting  of  several  machines  are 
readily  taken  care  of  by  the  engine  fly-wheels.  That  seems  rather  a 
broad  statement  but  it  is  literally  true.  I  admit  that  we  are 
liberal  in  our  provision  of  fly-wheel  capacity.  When  we  use  bat- 
teries of  course  the  batteries  take  care  of  these  rushes.  Our  dis- 
tributing mains  are  habitually  made  so  large  that  elevator  motors 
of  from  7  to  30  horse-power  can  be  connected  without  special  pro- 
visions. The  larger  motors  used  for  very  heavy  duties,  and  the 
exceedingly  rapid  acceleration  required  for  the  service  of  the  15 
or  20-story  office  buildings,  are  almost  invariably  taken  care  of  by 
a  storage  battery  located  in  the  same  building.  "We  do  not  offer  to 
supply  current  for  such  express  elevators  unless  a  local  battery  is  a 
part  of  the  equipment.  Our  welcome  to  the  ordinary  elevator  of  the 
six  to  ten-story  ofRce  building  or  apartment-house  is  because  we 
recognize  in  our  acceptance  of  that  electric  elevator  the  certainty 
that  the  owner  of  the  building  will  not  install  his  own  steam  and 
electric  plant  but  will  depend  upon  the  centra]  station  service  for 
his  requirements  of  light  and  power.  At  this  writing  the  makers 
of  alternating-current  elevator  motors  have  not  quite  succeeded 
in  meeting  the  requirements  of  the  service.  There  are  many  ele- 
vators operated  from  our  alternating  circuits,  but  these,  unless  they 
are  of  the  smallest  size,  require  a  complexity  of  starting  gear  which 
compares  badly  with  the  standard  direct-current  elevator  equip- 
ment, or  the  acceleration  of  the  elevator  is  less  than  would  be 
acceptable  under  average  conditions. 

(39)  Distribution  Losses. —  It  may  be  claimed  that  the  loss  of 
energy  in  the  distributing  network  will  be  less  with  an  alternating 
supply  than  with  direct  current.  I  question  this ;  in  fact  I  deny  it 
as  regards  the  great  majority  of  existing  distributions.  In  our 
present  practice  we  may  have  a  loss  between  station  or  sub-station 
and  translating  device  of  15  per  cent  during  the  one  or  two  hours 
of  the  evening  peak  load  in  the  winter  months.  Fifteen  per  cent 
is  an  exceptionally  high  figure  —  virtually  a  figure  which  rep- 
resents the  limit  of  our  practice.  Ten  per  cent  represents  better 
the  ordinary  case.  With  the  multiplication  of  sub-stations  this 
loss  is  reduced.  The  condition  of  maximum  loss  in  transmission 
obtains  only  during  a  total  of  200  to  300  hours  per  annum.     Dtu^ 
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ing  all  other  hours  of  the  year  the  transmission  loss  is  but  a  small 
fraction  of  the  maximum.  All  the  copper  of  the  network  stays 
iv  service  and  at  half  load  the  loss  is  one-quarter  of  the  maximum, 
and  less  in  the  same  order  for  less  loads.  The  annual  loss  of  energy 
in  an  Edison  network  is  something  like  4  per  cent. 

(40)  The  losses  in  motor  generators  or  rotaries  are  obviously 
proportional  to  the  load.  As  the  load  decreases  the  machines  are 
switched  out  of  service ;  and  during  the  longer  periods  of  light  load 
not  only  individual  machines  but  entire  stations  or  sub-stations  are 
&hut  down.  Assuming  that  the  transformers  required  for  an 
alternating  distribution  are  located  similarly  to  the  motor  gener- 
ators or  rotaries  of  a  direct-current  distribution,  similar  switching 
would  then  provide  similar  economy  and  the  greater  efficiency  of 
transformers  as  compared  with  converting  apparatus  would  be 
realized.  But  if  the  transformers  were  scattered  over  the  network 
and  were  not  switched  on  and  off  as  required  the  core  losses  would 
in  a  year  amount  to  at  least  as  large  a  proportion  of  the  output  as 
the  total  losses  in  the  direct-current  network.  Assume  25  per  cent 
load  factor  and  1  per  cent  core  loss  (the  latter  being  1  per  cent  of 
the  total  transformer  capacity)  and  the  core  losses  are  obviously 
4  per  cent  of  the  output. 

(41)  Cost  of  Generating  Apparatus. —  In  paragraph  (26)  I  said 
that  our  electric  generating  equipment  would  not  be  altered  in 
cost  by  a  change  from  direct  to  alternating  current.  It  may  be 
claimed  that  the  generating  equipment  would  be  reduced  in  cost 
to  the  extent  of  the  difference  in  efficiency  which  exists  between 
transformers  and  machinery  for  converting  alternating  to  direct 
current.  This  difference  might  in  an  extreme  case  be  10  per  cent, 
and  I  have  been  told  that  to  the  extent  of  this  10  per  cent  of 
eliminated  conversion  loss  we  could  reduce  the  capacity  of  our 
generating  plant.  I  don't  see  it.  We  might  reduce  the  capacity 
of  our  boilers  and  engines  but  we  could  not  reduce  the  capacity  of 
our  electric  generators,  because  the  capacity  of  generators  —  that 
is  to  say,  their  size  —  is  a  function  of  volts  X  amperes,  not  of 
kilowatts.  The  power  factor  of  the  alternating-current  system, 
.8  to  .9,  would  (and  does)  require  greater  capacity  in  generators 
to  an  extent  more  than  sufficient  to  offset  the  saving  in  sub- 
station losses.  Please  note  that  I  have  said  nothing  about  losses 
in  the  regulating  apparatus  required  in  sub-stations.  When  rotary 
converters  are  used,  the  regulating  devices  employed  are  substaoi- 
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tially  identical  with  those  which  would  he  required  hy  sub-station 
transformers  of  similar  capacity.  When  motor  generators  are 
used,  regulation  by  variation  of  field  strength  is  all  that  is  requisite. 

(42)  The  ratio  of  units  sold  to  units  generated  is  a  useful  figure 
and  deserving  of  study.  But  that  the  ratio  is  low  does  not  neces- 
sarily mean  that  the  commercial  efficiency  of  the  system  is  low. 
Most  of  those  extra  units  which  look  so  bad  in  a  comparison  be- 
tween units  generated  and  units  sold  cost  but  little  to  generate  — 
so  little  that  the  most  precise  measurement  and  analysis  are 
requisite  to  identify  the  saving  made  when  we  cease  to  supply  some 
part  of  them.  Thus,  the  energy  to  be  saved  by  the  substitution  in 
sub-stations  of  transformers  for  converters  requires  for  its  pro- 
duction but  little  extra  fuel  and  no  extra  labor.  It  is  a  propor- 
tional increase  in  the  output  of  every  hour  of  the  24.  But 
the  possible  reduction  in  fixed  charges  which  would  follow  the 
reduction  of  steam  plant,  by  say  10  per  cent,  added  to  the  re- 
duction of  fixed  charges  following  the  substitution  of  transformers 
for  converters  —  this  total  reduction  of  fixed  charges  would  be  well 
worth  having.  A  calculation  made  for  Detroit  conditions  shows 
that  the  reduction  in  fixed  charges  might  be  7  per  cent  —  not  7  per 
cent  of  the  total  fixed  charges,  but  7  per  cent  of  the  fixed  charges 
chargeable  against  direct-current  business.  This  would  permit 
a  reduction  of  3  1/2  per  cent  in  the  selling  price  of  the  same 
amount  of  energy  or  might  add  proportionately  to  the  profits. 

(43)  Comparison  Between  Systems. —  To  sum  up  the  case  in 
favor  of  the  distribution  of  alternating  current  in  our  urban  dis-, 
tricts :  The  advantages  to  be  obtained  are  a  reduction  in  the  first 
cost  of  engines  and  boilers;  a  reduction  in  the  cost  of  sub-station 
apparatus  because  of  the  substitution  of  transformers  for  convert- 
ing machinery ;  and  a  longer  life  for  the  glowers  of  Nernst  lamps. 
The  disadvantages  are  inferior  regulation  of  voltage  or  (as  an  alter- 
native) greater  cost  of  mains  and  feeders;  inferior  arc  lighting 
and  greater  cost  of  arc  lamps;  special  contrivances  required  for 
charging  small  storage  batteries;  and  the  requirement  that  to  each 
large  storage  battery  be  added  converting  machinery  capable  of 
carrying  the  maximum  discharge  of  the  battery.  These  advantages 
and  disadvantages  seem  to  be  permanent  consequences  of  the  differ- 
ence between  the  two  currents.  Temporary  disadvantages  of  the 
alternating  current  are  the  greater  cost  of  constant  speed  motors 
and  the  lack  of  satisfactory  motors  for  elevator  work.    I  am  per- 
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haps  optimistic  in  terming  these  motor  disabilities  '"  temporary." 
My  conclusion  is,  after  in  many  specific  cases  comparing  these 
advantages  and  disadvantages,  that  the  direct  current  is  at  least 
equal  and  likely  to  remain  equal  to  the  alternating  current  in  its 
suitability  for  general  distribution,  and  over  and  above  its  inherent 
equality  it  has  the  immense  advantage  of  prior  occupation  of  the 
territory.  What  this  means  to  us  as  owners  or  operators  of  cen- 
tral station  properties  I  have  already  indicated.  What  it  means  to 
the  general  consumer  in  that  every  device  which  he  is  likely  to  use 
has  been  for  years  standardized  for  direct  current  and  is  manufac- 
tured for  direct  current  by  a  score  or  a  hundred  manufacturers, 
each  and  all  anxious  to  obtain  the  consumer's  trade  —  what  this 
means  cannot  be  expressed  within  the  limitations  of  a  paper  for 
this  audience.  It  may  be  indicated  to  you  by  the  fact  that  in  every 
large  city  of  the  United  States  where  direct  current  and  alternating 
current  have  been  offered  competitively  to  the  public  the  direct- 
current  system  is  today  in  possession  of  the  business  of  the  central 
territory. 

(44)  The  Question  of  Voltage. —  There  remains  the  question  of 
voltage.  In  large  American  cities  we  have  generally  adhered  to  an 
incandescent  lamp  voltage  under  125  volts  and  our  three-wire  sys- 
tems are  arranged  to  maintain  the  selected  lamp  voltages  between 
outers  and  neutral.  Many  of  our  friends  in  Great  Britain  and  a 
very  few  in  the  United  States  have  undertaken  the  supply  of  urban 
areas  with  lamps  of  double  the  voltage  which  we  use,  and  have 
doubled  the  difference  of  pressure  between  neutral  and  outer  wires 
of  the  three-wire  system.  The  reasons  for  our  practice  in  this  re- 
spect are  (as  in  respect  of  our  adherence  to  direct  current)  both 
commercial  and  technical.  Technically,  our  main  reason  is  that 
there  is  not  made  a  double  voltage  incandescent  lamp  of  an  accept- 
able efficiency  and  life.  To  use  an  incandescent  lamp  of  lower 
efficiency  would  mean  the  reduction  of  the  earning  capacity  of  out 
present  networks  and  generating  apparatus;  or,  conversely,  would 
mean  that  we  would  require  a  greater  capacity  in  generators  and 
mains  to  do  the  same  amount  of  business.  Another  technical  reason 
is  the  inferiority  of  the  double-voltage  arc  lamp.  We  formerly  used 
two  arc  lamps  in  series.  We  welcomed  the  advent  of  the  enclosed 
arc  with  its  higher  voltage  because  (among  other  reasons)  it  al- 
lowed us  to  get  rid  of  these  series  lamps.  Such  series  arc  lamps, 
moreover,  cost  more  than  single  lamps  and  are  likely  to  continue  to 
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cost  more.  The  high-voltage  motor  —  tliat  is  to  sa}',  the  440-500- 
volt  motor  —  is  a  more  expensive  machine  to  build  and  costs  more 
in  the  market  than  the  motor  of  220-250  volts  —  that  is  to  say, 
it  is  so  in  the  average  sizes  used  by  our  customers.  Moreover,  it 
tends  to  have  commutator  troubles,  from  which  the  220-volt  motor 
is  notably  free.  The  insulation  which  must  be  maintained  for 
double  voltage  is  markedly  greater  than  that  which  is  permissible 
at  the  present  voltage.  Moreover,  our  practice  of  handling  our 
mains  alive — making  connections  and  disconnections  and  minor 
repairs  —  would  have  to  be  changed  if  we  carried  twice  the  present 
pressure.  Our  customers'  meters  are  all  watt-hour  meters  having 
a  potential  circuit  connected  across  the  mains.  In  three-wire 
meters  the  potential  circuit  is  connected  from  one  outer  to  the 
neutral  wire.  The  loss  of  energy  in  this  potential  circuit  is  as 
great  as  we  are  willing  to  accept  and  we  do  not  take  kindly  to 
the  idea  of  doubling  it.  Of  course,  we  could  use  ampere-hour 
meters  as  do  so  many  of  our  British  friends  and  thereby  do  away 
with  all  losses  in  potential  circuits,  but  to  do  so  would  be  to  get 
out  of  the  frying-pan  into  the  fire.  We  would  in  that  case  in 
doubling  the  voltage  double  the  "  slip  " —  that  is  to  sa}',  we  would 
double  the  amount  of  energ}^  passing  through  the  consumer's  meter 
unregistered. 

(45)  Incandescent  Lamps  of  Double  Voltage. — The  proposed  use 
of  double  voltage  incandescent  lamps  deserves  special  discussion. 
In  preceding  paragraphs  (34  to  36)  I  have  recited  our  practice  in 
respect  to  ownership  of  incandescent  lamps,  and  renewal  of  lamps 
blackened  or  burned  out  in  service.  Under  our  present  conditions, 
for  each  kw-hour  sold  to  customers  for  use  in  incandescent 
lamps,  our  expense  for  lamp  renewals  is  between  .3  cent  and  .4 
cent.  The  difference  between  these  two  figures  is  due  to  the  varv- 
ing  practice  of  different  companies  —  not  to  any  appreciable  differ- 
ence in  voltage  regulation  in  different  cities.  Three-tenths  of  a  cent 
represents  the  lowest  expense  at  which  customers  can  be  satisfied. 
Four-tenths  of  a  cent  represents  service  at  a  high  standard  when  the 
customer  is  encouraged  to  renew  his  lamps  frequently.  Taking 
either  figure,  it  is  obvious  that  lamp  renewals  form  a  large  pro- 
portion of  our  operating  costs  —  after  fuel,  the  lamp  renewals  are 
the  heaviest  single  item.  Taking  the  figure  given  in  paragraph 
(35)  of  five  and  three-quarter  millions  50-watt,  16-cp  lamps  —  with 
the  further  statement  tliat  the  Testing  Bureau  referred  to  in  that 
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paragraph  inspected  during  a  recent  12  months  for  use  on  our 
systems  of  distribution  over  10,000,000  incandescent  lamps  of  all 
kinds  —  it  will  appear  to  you  that  a  reduction  in  the  effective  life 
of  incandescent  lamps  would  be  to  us  a  very  serious  matter, 

(46)  We  have  studied  and  experimented  with  the  double-voltage 
lamp  for  many  years.  It  is  at  least  seven  years  since  we  made  our 
first  earnest  effort  to  utilize  it,  and  during  the  seven  years  more 
than  one  experiment  on  a  large  scale  has  been  made  by  us.  In 
addition  to  our  experimental  central  station  work  there  have  been 
many  commercially  successful  installations  of  double-voltage  lamps 
in  the  United  States,  and  such  installations  are  increasing.  These 
commercial  installations  have  been  under  conditions  where  lower 
lamp  economy  was  permissible  and  where  a  reasonable  life  could, 
therefore,  be  obtained  by  the  use  of  a  lamp  of  3.6  to  4  watts  per 
candle.  It  will  appear  from  the  foregoing  that  we  do  not  speak 
without  knowledge.  I  may  say  to  our  British  friends  that  our 
knowledge  includes  a  respectable  acquaintance  with  double-voltage 
lamps  manufactured  for  the  British  market  both  by  British  and 
continental  makers.  Our  conclusion  always  has  been  that  we  could 
not  under  present  conditions  afford  to  double  our  standard  voltage. 
Our  further  conclusion  bas  been  that  the  differences  between  stand- 
ard voltage  and  double- voltage  lamps  were  inherent  in  the  nature  of 
a  carbon  filament,  and  not  to  be  done  away  with  by  improved  manu- 
facturing methods.  So  far  as  we  can  foresee  we  will  always  have  the 
choice  between  a  greater  investment  in  distributing  mains  with  the 
use  of  lamps  of  a  superior  efficiency,  and  a  reduced  investment  in 
distributing  mains  with  lamps  of  inferior  efficiency.  The  alternative 
of  shorter  life  of  the  lamp  is  not  acceptable;  for  the  reason  (over 
and  above  its  increased  cost  to  us)  that  we  cannot  require  our 
customers  to  make  exchanges  more  frequently  than  they  do  now. 
We  find  that  shorter  lamp  life  brings  complaints.  Even  when  the 
exchange  of  a  lamp  is  not  inconvenient  —  that  is  to  say,  when  it 
is  not  located  in  some  practically  inaccessible  position,  say  a  dressed 
show-window,  customers  will  complain  if  they  have  to  change  lamps 
too  frequently.  It  is  not  the  expense  they  object  to.  The  expense 
falls  on  the  company.  It  is  merely  the  trouble  of  making  the 
exchange. 

(47)  So  far  I  have  spoken  particularly  of  lamps  of  16  and  greater 
candle-power.  B\it  a  large  and  increasing  part  of  our  business  is 
decorative  and  sign  lighting  which  requires  lamps  of  two  candle- 
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power  and  four  candle-power.  This  is  profitable  business  because 
of  the  long  hours  of  service.  The  lamps  are  of  lower  efficiency  than 
lamps  used  in  regular  lighting,  our  custom  being  in  such  work  to 
reduce  the  efficiency  of  the  lamps  until  the  cost  per  kw-hour 
for  renewals  is  approximated  to  the  average.  Double-voltage  lamps 
of  these  candle-powers  are  simply  impossible.  They  can  be  made. 
They  have  been  made  for  us,  but  the  cost  of  manufacture  is  pro- 
hibitive. A  lamp  of  short  life  will  not  serve.  The  extinction  of  a 
few  lamps  spoils  the  decorative  effect  and  the  replacement  of  lamps 
in  signs  or  displays  is  always  relatively  inconvenient.  And  a  lamp 
of  very  low  efficiency  would  put  the  cost  of  energy  up  to  a  figure 
beyond  what  the  business  will  stand. 

(48)  Double-voltage  Corrvparisons. —  What  are  we  to  gain,  then? 
Reduced  cost  of  mains  and  feeders  or  alternatively  a  much  longer 
radius  of  distribution  from  each  station  or  sub-station  and  thereby 
a  reduced  number  of  stations.  That  is  about  all.  Our  regulation 
is  now  excellent  —  we  do  not  need  double  voltage  to  keep  our  lamps 
up  to  candle-power.  Our  losses  in  transmission  are  now  so  small 
that  their  reduction  will  not  warrant  any  great  investment.  And 
the  reduction  in  cost  of  mains  is  merely  a  reduction  in  copper,  ob- 
tained at  some  expense  for  additional  insulation  if  the  former  factor 
of  safety  is  to  be  retained.  As  between  copper  and  insulation  we 
would  rather  lock  up  money  in  copper.  It  is  one  of  the  very  few 
things  we  buy  which  does  not  deteriorate.  The  reduction  of  the 
number  of  sub-stations  means  some  saving  in  l)uildings,  but  nothing 
in  machinery  and  only  a  trifle  in  labor.  Per  contra  to  these  gains 
we  shall  have  a  serious  reduction  in  the  earning  capacity  of  our 
machinery,  the  reduction  being  measured  by  the  additional  capacity 
necessary  to  illuminate  the  double-voltage  incandescent  lamp.  And 
the  capital  expended  in  changes  of  lamps,  both  arc  and  incandescent, 
in  changes  or  reconstruction  of  generators  and  motors,  and  in  minor 
changes  of  customers'  house  wiring,  would  be  a  clear  loss.  We  so 
far  have  never  been  able  to  figure  a  profit  in  the  change.  On  the 
contrary,  one  of  the  most  notable  double-voltage  installations  in 
the  United  States,  that  of  the  former  Imperial  Electric  Company 
of  St.  Louis,  is  about  to  be  changed  over  to  standard  voltage. 

(49)  ■Concerning  Underground  Mains  and  Double  Voltage. —  It 
goes  without  saying  that  each  central  station  has  its  own  local  con- 
ditions and  that  no  one  rule,  nor  even  the  frequent  demonstration 
of  that  rule,  can  settle  such  a  question  as  this  for  any  case  not 
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specifically  calculated.  Far  less  does  the  rule  or  practice  of  one 
country  settle  the  question  for  another.  On  the  contrary,  local  con- 
ditions which  obtain  in  one  country  and  not  in  another  may  justify 
many  radical  differences  in  practice.  I  think  I  have  recognized 
in  British  practice  a  well-established  cause  for  the  acceptance  of 
double  voltage  —  to-wit,  the  relatively  great  ratio  of  cost  of  maitis 
to  total  investment.  This  ratio  is  occasionally  such  as  to  control  the 
engineering  of  the  entire  plant.  It  is  not  so  with  us.  Not  only 
is  the  relative  cost  of  mains  small  because  of  our  li])eral  use  of  over- 
head wires,  but  also  because  our  methods  of  underground  construc- 
tion are  comparatively  cheap,  and  because  with  us  the  proportion 
of  copper  cost  to  total  mains  cost  is  large.  Our  ordinary  paper 
insulated  lead-covered  feeder  cable  has  in  it  50  per  cent  to  GO  per 
cent  of  copper  value,  only  40  per  cent  to  50  per  cent  standing  for 
insulation  and  lead  covering.  The  tile  duct  into  which  we  pull  a 
pair  or  three  cables  costs  us  complete  (including  manholes)  16  cents 
to  30  cents  per  duct  foot.  Sixteen  cents  represents  recent  trunk 
line  work  with  20  to  30  ducts  in  the  run.  Thirty  cents  per  duct 
foot  represents  the  cost  of  branch  runs  or  runs  laid  in  streets  where 
obstacles  are  numerous  and  labor  cost  goes  high.  Even  the  self- 
contained  Edison  tube  with  its  complex  provisions  for  flexibility  and 
for  frequent  service  connections  is  completed  in  place  at  a  reason- 
able cost.  Wherefore  a"  reduced  expense  for  mains  (or  rather  a 
reduced  investment  in  copper)  does  not  tempt  us  as  it  might  a 
British  engineer  whose  underground  constructions  (possibly  of  ne- 
cessity) required  the  major  part  of  his  capital  expenditure.  More- 
over we  have  (the  most  of  us)  been  foreseeing  in  the  matter  of 
conduits.  When  we  opened  a  ditch  wherein  to  lay  three  immediately 
required  ducts  we  have  laid  nine  more  to  provide  for  the  future,  and 
we  have  profited  by  the  foresight.  To  lay  an  additional  feeder  in 
such  circumstances  is  not  only  simple  but  comparatively  inex- 
pensive. If  it  meant  the  tearing  up  anew  of  streets  paved  on  con- 
crete foundations  or  if  it  meant  when  it  was  completed  that  our 
new  investment  would  stand  20  cents  for  copper  and  80  cents  for 
insulation  and  laying  down  it  may  be  that  we  would  look  more 
favorably  upon  the  double-voltage  expedient. 

(50)  In  Conclusion. —  It  is  necessary  to  omit  from  a  paper  of 
this  class  the  discussion  of  many  minor  but  interesting  technical 
matters.  I  have  limited  myself  to  the  salient  features  of  that  cen- 
tral station  practice  which  I  proposed  to  describe  and  discuss.    It 
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would  be  profitable  to  consider  also  some  of  tbe  conditions  beyond 
the  boundaries  of  electrical  engineering  which  have  affected  the 
evolution  of  our  Edison  lighting  systems  —  for  instance  the  com- 
parative price  of  gas,  the  common  use  of  elevators,  the  demand  for 
a  bright  light  which  has  made  the  16-cp  lamp  our  standard,  and 
the  toleration  of  overhead  wires  in  all  but  the  most  densely  settled 
areas.  It  would  likewise  be  profitable  to  consider  the  business  and 
manufacturing  methods  of  our  people  which  caused  them  to  wel- 
come the  electric  motor  when  it  was  first  offered  and  by  reason  of 
which  supply  to  electric  motors  in  many  cases  is  now  half  the  output 
of  a  station  and  one-quarter  to  one-third  of  the  station's  earnings. 
These  considerations,  external  to  electrical  engineering,  have  been 
potent  in  the  evolution  and  differentiation  of  our  distribution 
methods  and  if  it  were  our  present  affair  to  determine  to  the  ulti- 
mate limit  why  American  central  station  engineers  have  done  those 
things  which  are  recognized  as  distinctly  American  we  should  find 
it  necessary  to  give  full  consideration  and  weight  to  these  and  to 
many  kindred  causes.  This  present  paper  has  now,  however,  covered 
the  ground  it  was  proposed  to  cover  and  reached  its  intended 
conclusion. 

Chaibman  Lieb:  Before  taking  up  Mr.  Oottliold  vStern's  paper  on  the 
"  Superiority  of  Alternating  Current  for  the  Supply  of  Current  to  Large 
Cities,"  I  will  make  a  few  remarks  which  will  perhaps  serve  as  an  introduc- 
tion to  Dr.  Stern's  paper.  ^Yhen  the  program  for  this  section  was  in 
course  of  preparation,  we  had  submitted  to  it  suggestions  for  these  two 
direct-current  papers.  I  corresponded  with  a  numlx^r  of  friends,  who  I 
felt  would  undertake  a  presentation  of  that  side  of  the  question,  and  I 
finally  enlisted  Dr.  Stern's  interest  in  the  matter.  I  will  ask  Mr.  Arthur 
Williams  if  he  will  be  kind  enough  to  read  Dr.  Stern's  paper,  after  which 
we  will  have  a  joint  discussion  of  the  papers  of  Mr.  Torchio,  Mr.  Dow, 
and  Dr.  Stern,  as  they  cover  practically  the  same  ground. 

Mr.  Williams  read  Dr.  Stern's  paper. 


THE  SUPERIORITY  OF  ALTERNATING  CURRENT 
FOR  THE  SUPPLY  OF  CURRENT  TO  LARGE 
CITIES. 


BY  DR.   GOTTHOLD   STERN. 


In  order  to  define  the  above  pro|X)sition  accurately  from  the 
start,  I  desire  to  state  in  advance  that  I  have  undertaken  to 
demonstrate  in  what  follows  that  for  large  cities  the  form  of 
current  which  is  best  adapted  in  tlie  present  state  of  the  art  is 
the  alternating  current,  and  that  this  is  the  case  not  onl}'  with 
regard  to  generation  and  transmission,  but  also  for  distribution 
and  delivery  to  the  consumer.  We  mean  alternating  current  in 
the  broad  sense  of  the  word,  including  also  the  polyphase  forms 
of  current. 

My  proposition  divides  itself  naturally  into  two  parts :  First, 
in  which  form  of  current  the  unit  (kw-hour)  can  be  supplied  by 
the  producer  at  the  lowest  price;  and  secondly,  in  which  form 
of  current  the  unit  is  of  most  value  to  the  consumer. 

We  have,  therefore,  to  decide  first,  which  is  the  cheaper  to 
produce,  measured  at  the  customer's  meter  in  a  large  city,  a  kw-hour 
of  direct  current,  or  a  kw-hour  of  alternating  current. 

The  production  of  direct  current  by  steam-driven  dynamos, 
in  large  cities,  requires  only  short  treatment  in  view  of  our  ex- 
perience to  date.  The  necessity  of  subdividing  the  service  be- 
tween several  smaller  central  stations  built  on  expensive  real 
estate  and  the  difficulty  of  supplying  them,  with  coal  and  water 
in  the  midst  of  streets  crowded  with  traffic,  has  led  all  modern 
electrical  engineers  to  abandon  this  oldest  method  of  current 
supply,  even  such  as,  until  recent  years,  wished  to  have  nothing 
whatever  to  do  with  alternating  current. 

Moreover,  direct-current  dynamos  cannot  be  constructed  of  the 
capacities  now  required  by  large  central  stations,  and  such  direct- 
current  stations  are.  therefore,  equipped  with  a  number  of  smaller 
units.  Very  few  of  the  direct-current  dynamos  in  Europe  have 
a  capacity  greater  than  1000  kilowatts;  the  average  capacity  of  the 
dynamos  in  operation  in  the  largest  15  Continental  direct-current 
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stations  is  320  kilowatts.  It  is  evident  that  steam  engines  adopted 
to  such  capacities  are  far  from  being  as  economical  as  larger  units 
of  the  same  quality;  moreover,  the  labor  required  by  a  number 
of  smaller  units  is  greater,  their  first  cost  is  higher  and  the  space 
required  greater. 

It  will  be  contended  that  smaller  units  could  be  apportioned  more 
readily  to  the  variable  load  created  by  the  varying  demand  on  an 
electric-light  station;  but  on  drawing  the  load  curves  (Fig.  1)  of 
a  characteristic  summer  and  Avinter's  day  and  circumscribing  them 
by  a  broken-line  diagram  indicating  the  units  in  operation,  it  is 
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Fig.   1. —  Summer  and  winter  load  cirves. 


evident  at  once  that  even  in  tlie  largest  stations  a  sufficient  relation 
between  engines  in  operation  and  the  load  on  the  station  can  be 
secured  by  6  to  8  units,  including  the  reserve;  this  number  is 
still  further  diminished  in  the  case  of  direct  current  if  the  load 
is  equalized  to  a  certain  extent  by  batteries.  Practically,  there- 
fore, in  stations  of  the  same  size,  direct-current  dynamos  should 
be  selected  in  units,  of  even  larger  capacities  than  alternators. 
However,  in  spite  of  this  requirement,  difficulties  in  manufacture 
of  direct-current  units  of  large  size  compel  the  selection,  in  a 
large  city,  of  direct-current  d3^namo  units  of  a  smaller  capacity  tlian 
would  be  dictated  by  the  selection  of  the  most  favorable  size  of 
unit. 

In  the  present  period  of  transition  to  the  steam  turbine  there 
is  added  another  difficulty.     At  the  high  rotative  speeds  of  these 
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turbines  there  results  such  a  high  number  of  pole  reversals  in  the 
case  of  direct-current  dynamos  as  to  make  commutation  extremely 
difficult.  It  is  difficult  enough  to  construct  the  commutator  with 
sufficient  safety  mechanically  for  the  high  speeds,  and  the  tendency 
to  sparking  is  greatly  increased  at  the  higher  differences  of  poten- 
tial resulting  from  the  higher  number  of  pole  reversals  between 
adjacent  commutator  bars.  The  wear  on  the  commutator  and 
the  brushes  is  enormous,  and  although  methods  have  been  sug- 
gested for  eliminating  the  sparking  by  special  windings,  this  diffi- 
culty will  alM^ays  stand  in  the  way  of  the  application  of  large  direct- 
current  dynamos  to  steam  turbines. 

Some  of  the  lesser  difficulties  in  the  station  incidental  to  direct- 
current  working  need  not  even  be  cited  in  the  comparison.  We 
shall,  for  instance,  ignore  the  difficulty  of  handling  the  direct- 
current  commutator  in  contrast  with  the  ease  of  maintenance  of 
the  contact  rings  of  the  alternator. 

We  must  not  forget, however,  that  alternating-current  working  has 
also  its  inconvenience ;  the  separate  exciter  in  the  case  of  the  alternat- 
ing-current generator  is  a  certain  complication,  and  the  paralleling 
of  alternators  undoubtedly  requires  somewhat  more  practice  than 
paralleling  of  direct-current  dynamos. 

Finally,  we  must  not  leave  out  of  consideration  the  advantages 
inherent  in  the  direct  current  in  connection  with  the  possibility 
of  its  storage  in  storage  batteries.  If  this  possibility  were  coupled 
with  smaller  losses  and  if  storage  batteries  had  greater  durability, 
there  would  be  established  a  preference  which  for  many  pur- 
poses would  outweigh  many  other  disadvantages.  Unfortunately, 
however,  both  conditions  have  not  been  fulfilled.  The  real  purpose 
of  a  storage  battery  should  consist  in  changing  the  variable  load 
on  the  central  station  machinery  to  a  more  uniform  load,  i.  e., 
to  almost  integrate  the  daily  load  curve.  We  should  then  reach 
a  steady  loading  of  the  engines  and  boilers  and  they  would  operate 
continually  at  highest  efficiency.  The  increased  safety  attained 
by  the  application  of  storage  batteries  is  certainly  very  valuable  as 
the  batteries  can  take  up  at  once  the  supply  of  current  should  an 
accident  occur  to  the  machinery. 

But  with  what  losses  and  costs  is  coupled  the  operation  of  storage 
batteries !  It  appears  from  statistics  of  the  "Association  of  Central 
Stations"  in  Germany  that  in  cities  with  a  population  of  over 
200  000,  in  which  storage  batteries  are  used,  the  losses  occurring  in 
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the  batteries  amount  on  the  average  to  33.5  per  cent.  The  first  cost 
of  the  storage  batteries  for  each  kw-hour  supplied  through  them 
amounts  to  98  pfs.  (24.5  cts.),  and  as  interest  and  deprecia- 
tion at  the  longest  life  of  the  cells  — 10  years  —  must  be  reck- 
oned as  at  least  15  per  cent  per  annum,  they  increase  enormously 
the  cost  of  the  current  passing  through  them.  If  the  cost  of 
production  of  the  kw-hour  at  the  dynamo  terminals  be  10  pfs. 
(2.5  cts.),  it  is  increased  by  the  losses  in  the  storage  batteries  to 
13.35  pfs.  (3.337  cts.)  ;  and  on  account  of  interest  and  deprecia- 
tion on  the  invested  capital  by  14.7  pfs.  (3.675  cts.)  additional, 
a  total  of  28.05  pfs.  (7.01  cts.).  Of  course,  the. increase  of  price 
applies  only  to  that  part  of  the  output  which  has  passed  through 
the  storage  batteries.  In  the  cities  above  referred  to  this  amounts 
on  the  average  to  12  per  cent  of  the  total  energy  produced,  so  that 
the  storage  batteries  cause  an  actual  increase  of  21.6  per  cent  in 
the  price  of  the  total  production  of  current. 

And  notwithstanding  this,  it  cannot  he  denied  that  storage  bat- 
teries present  a  considerable  advantage  on  account  of  the  increased 
safety  and  better  equalization  of  the  service.  This  advantage  can- 
not be  realized,  however,  until  such  time  as  a  good  storage  battery 
may  be  available  —  a  time  unfortunately  not  yet  at  hand. 

The  comparison  will  not  be  complete  if  the  losses  in  the  trans- 
formers are  not  considered  also.  The  capacity  of  the  transformers 
in  well-planned  alternating-current  stations  is  less  than  the  number 
of  connected  lamps;  their  efficiency  is  up  to  99  per  cent  at  full 
load,  and  even  at  half  load,  and,  in  good  construction,  not  under 
97  per  cent.  Of  course,  the  iron  loss  of  the  transformers  is  con- 
tinuous while  the  transformer  is  in  circuit.  This  circumstance 
was  formerly  considered  to  be  the  weakest  point  in  alternating- 
current  service.  Under  the  most  unfavorable  conditions  this  loss 
is  calculated  about  as  follows:  The  total  transformer  capacity  is 
sufficiently  valued  at  80  per  cent  of  the  connected  installation  of 
the  station;  for  100  kilowatts  of  connected  installation,  representing 
in  the  station  of  a  large  city  an  annual  consumption  of  60,000  kw- 
hours,  there  would  be,  therefore,  80  kilowatts  of  transformers  whose 
iron  loss,  if  of  good  construction,  is  about  1  per  cent  or  0.8  kilowatts. 
In  the  whole  year  there  would  be  a  loss  in  the  transformers  of  7000 
kw-hours,  or  about  11.7  per  cent  of  the  energy  consumed.  If  the 
proper  number  of  transformers  is  selected  in  the  sub-stations,  and 
those  not  required  for  the  demand  at  the  time  are  cut  out  of  cir- 
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cuit  by  hand  or  by  automatic  switching  apparatus,  this  loss  can 
be  considerably  reduced.  Apparatus  of  this  kind  (made  by  Schlat- 
ter, Scholtes,  etc.),  has  been  continually  improved  from  time  to 
time,  and  it  has  also  given  good  service  for  single  transformers. 
The  copper  loss  in  good  transformers  is  very  small  and  proportional 
to  the  momentary  load. 

Let  it  even  be  admitted  that  if  the  e.m.f.  which  is  necessary  for 
distribution  were  limited  to  500  volts,  the  preference  might  be 
given  to  direct  current  from  the  standpoint  of  current  produc- 
tion; notwithstanding  that  even  at  this  pressure  the  unrestricted 
size  of  the  generating  units  and  the  free  choice  of  the  driving  en- 
gine and  the  absence  of  the  commutator  are  arguments  not  to  be 
underestimated  for  alternating-current  operation  in  large  central 
stations.  The  comparison  is  changed  at  once,  however,  if  the  ease 
of  utilization  of  high  pressures  in  the  case  of  alternating  current 
is  taken  into  account. 

It  is  important  not  only  to  manufacture  the  commodity  cheaply 
and  of  the  most  satisfactory  quality,,  but  it  must  be  transported 
cheaply  and  delivered  cheaply  to  the  customer  at  his  residence. 
This  is  possible  only  by  a  rational  utilization  of  the  means  of 
transportation,  and  these  in  the  case  of  the  distribution  of  electrical 
energy  are  the  cables.  With  the  large  areas  covered  by  our  large 
cities  the  transmission  of  the  electrical  energy  can  be  effected  in 
two  wa3'S  only :  First,  the  erection  at  various  points  in  the  middle 
of  the  city  of  several  smaller  stations,  conveying  the  current  from 
them  to  the  points  of  consumption  at  comparatively  low  pressure 
through  heavy  cables ;  or,  second,  proceeding  from  one  or  two  large 
stations  carefully  selected  as  to  location  for  the  most  favorable 
construction  and  operating  conditions  and  conducting  the  elec- 
tric current  into  the  city  at  high  pressures  through  comparatively 
small  cables. 

In  the  case  of  a  large  city  with  a  diameter  of  about  5  km  (3.1 
miles),  if  it  is  desired  to  limit  oneself  to  a  single  station  —  and 
it  is  desirable  to  do  this  for  many  reasons  —  it  becomes  necessary 
to  use  high  tension,  to  avoid  the  expenditure  of  unheard-of  sums 
for  copper  conductors,  and  the  enormous  loss  of  energy  in  the  cable 
network.  If  some  measure  of  importance  is  attached  to  uniformity 
in  the  pressure  furnished  to  the  consumer,  the  demonstration  of 
this  statement  by  actual  figures  need  hardly  be  required  at  this 
time. 
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Direct  current  can  hardly  be  seriously  considered  for  high  ten- 
sion: First,  because  it  is  almost  impossible  to  maintain  high-ten- 
sion, direct-current  dynamos  in  operating  condition;  secondly,  be- 
cause high-tension  direct  current  can  be  transmitted  by  cables  only 
with  great  difficult}^,  and  thirdly,  because  the  pressure  of  direct  cur- 
rent can  only  be  converted  by  rotating  machinery. 

Alternators,  on  the  contrary,  can  be  safely  built  for  almost  any 
desired  high  tension,  the  leading  away  of  the  current  not  presenting 
any  difficulties,  because  the  high-tension  windings  can  be  applied 
in  the  simplest  manner  to  the  parts  of  the  machine  at  rest,  and, 
therefore,  not  subject  to  displacement  and  the  resulting  strains. 

Operating  at  the  same  pressure,  conductors  for  alternating  cur- 
rent are  superior  to  those  for  direct  current  as  regards  safety  and 
durability,  for  in  the  case  of  direct  current  in  addition  to  the  e.m.f., 
which  constantly  tries  to  effect  an  equalization  between  the  con- 
ductors of  different  potential  thereby  tending  to  break  down  the 
insulation,  there  is  added  thereto  the  electrolytic  effect  which  exerts 
a  destructive  action,  not  only  on  the  conductors  but  under  certain 
conditions  on  neighboring  metal  parts  also.  This  is  particularly  the 
case  with  underground  cables,  and  probably  no  manufacturer  has  yet 
given  a  guarantee  for  an  underground  cable  for  direct  current  over 
1000  volts. 

As  a  matter  of  fact,  cables  which  have  been  underground  ap- 
proximately 15  years  subjected  to  2000  volts  alternating  current 
are  not  noticeably  affected,  as  shown  by  lengths  of  cable  in  the 
Vienna  cable  system.  If  the  proper  choice  has  been  made  as  to 
the  type  and  thickness  of  the  insulation,  only  chemical  influences 
have  had  an  effect  on  them  as  in  places  where  the  earth  shows 
the  presence  of  acids  (under  horse-stands,  and  in  the  neighborhood 
of  cesspools)  the  lead  sheathing  if  often  attacked.  Of  the  Vienna 
2000-volt  alternating-current  network  which  was  begun  in  1889, 
which  had  75  km  (46.4  miles)  in  1892  and  to  date  has  increased 
up  to  400  km  (248  miles),  there  have  been  replaced  during  the 
whole  time  only  340  meters  (1120  ft.),  or  less  than  1  per  cent 
on  account  of  failures,  and  the  insulation  resistance  per  kilometer 
has  the  same  value  today  as  at  the  time  it  was  laid.  Of  course, 
failures  in  the  cable  network  occur  also  with  alternating  current 
due  to  mechanical  injury,  etc.,  and  we  shall  examine  now  the  man- 
ner in  which  these  show  themselves.  For  sinijilicity's  sake,  let  us 
consider  a  two-wire  system. 
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If  one  of  the  alternating-current  conductors  is  damaged  at  one 
point,  so  as  to  ground  there,  the  service  is  in  no  way  affected ;  even 
a  second  damage  to  the  same  conductor,  by  which  a  part  of  the  cur- 
rent finds  a  return  path  through  the  earth,  is  without  any  particular 
harmful  effect. 

With  direct  current,  on  the  contrary,  the  passage  of  the  current 
to  earth  gives  rise  to  an  electrolytic  action,  which  not  only  destroys 
in  a  short  time  long  stretches  of  the  conductor  itself  and  its  metal- 
lic sheathing,  but  also  causes  serious  chemical  decomposition  in  its 
passage  from  the  metal  parts  of  water  and  gaspipes,  street-car  rails, 
etc.  If  the  second  conductor  also  is  completely  earthed,  a  short- 
circuit  results,  which,  in  the  case  of  direct,  as  well  as  alternating 
current,  can  be  productive  of  disastrous  consequences,  if  provision 
is  not  made  for  switching  off  at  the  right  time  by  properly  pro- 
portioned safety  catches.  It  is  different  with  the  sneaking  grounds 
wdien  there  is  no  complete  earthing,  but  only  a  lowering  of  the 
resistance.  In  this  case  also  with  a  defect  on  one  pole,  a  part  of 
the  current  is  diverted  through  the  earth,  and  but  a  few  amperes 
of  direct  current,  which  are  thus  shunted  around  the  cable,  cause 
an  electrolytic  action,  which  results  in  damage  to  the  whole  length 
of  the  cable  from  the  beginning  of  the  first  fault  to  the  end  of 
the  last. 

If  a  sneaking  fault  of  this  kind  appears  on  both  poles,  it  has 
frequently  happened  in  the  case  of  direct  current  that  one  of  the 
conductors  was  completely  destroyed  over  a  considerable  length, 
if,  indeed,  the  heavier  current  had  not  previously  completely  fused 
the  piece  of  cable,  already  reduced  in  its  cross-section.  An  alternat- 
ing-current net-work,  even  for  high-tension  current,  is  not  in  the 
least  affected  by  grounds  in  a  single  pole  even  if  they  appear  in 
considerable  lengths  and  at  different  points;  in  failures  on  both 
poles  no  serious  results  are  experienced  at  first  until  the  current 
has  found  the  weakest  point  of  the  faulty  piece  and  caused  a  com- 
plete break-down  at  this  point.  The  fault  is,  however,  confined 
to  this  one  spot,  and  can  easily  be  repaired  by  a  simple  splice.  Cable 
faults  are  certainly  not  pleasant  with  any  system,  but  the  practical 
station  operator  will  prefer  the  energetic  manifestations  of  break- 
down in  a  high-tension  alternating-current  cable  to  the  lurking 
danger  of  the  direct-current  corrosion. 

Alternating-current  high-tension  cables  are,  of  course,  subject  to 
many  dangers  not  present  with  direct-current  cables;  there  are 
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break-downs  caused  by  oscillations  in  pressure  which  arise  with  cer- 
tain relations  of  self-induction  and  capacity,  favored  by  the  appear- 
ance of  harmonic  waves.  Since  these  phenomena  have  become  bet- 
ter known,  it  is  not  so  difficult  to  provide  protection  against  the 
consequences,  and  disturbances  from  these  causes  are  avoided  by 
the  application  of  devices  protecting  against  excessive  tension  and 
spark-gaps. 

High-tension  alternating-current  cables  are  always  sg  constructed 
tliat  the  several  conductors  are  inclosed  nnder  the  same  sheath  and 
iron  armor.  This  is  necessary  to  avoid  inductive  effects.  This  is 
readily  possible  only  because  comparatively  small  copper  sections 
are  necessary.  In  this  way  self-induction  in  the  cables  is  prevented 
and  there  is  also  no  disturbing  effect  to  neighboring  telephone  and 
telegraph  wires.  The  absence  of  lurking  defects  in  insulation  in 
the  case  of  high-tension  cables,  and  the  small  currents  carried  by 
them,  prevent  telephone  disturbances  from  stray  currents,  and  these 
occur  with  much  less  frequency  than  with  low-j^ressure  conductors 
as  used  for  direct  current. 

In  addition,  the  alternating  current  has  an  inherent  character- 
istic, by  which  the  high  tension  at  which  it  can  be  generated  can 
readily  be  practically  utilized,  i.  e.,  the  possibility  of  conversion  in 
transformers.  Not  until  this  characteristic  became  a  practical  pos- 
sibility through  the  efforts  of  Zipernowsky,  Deri  and  Blathy,  could 
the  alternating  current  begin  to  conquer  its  territory. 

It  is,  of  course,  also  practicable,  in  the  case  of  alternating  cur- 
rent, to  transform  from  high  tension  to  the  distributing  voltage  by 
rotary  converters,  and  many  large  stations  convert  the  high-tension 
alternating  current  into  direct  current  of  the  pressure  to  be  de- 
livered to  the  customers. 

The  opponents  of  alternating  current  give  as  a  ground  for  this 
conversion  that  the  alternating  current  cannot  perform  equally  as 
good  service  as  the  direct  current,  the  correctness  of  which  assertion 
we  shall  test  later  on. 

What  then  could  possibly  induce  them  to  prefer  the  operation  of 
sub-stations  with  machines,  apparatus  and  expensive  attendance  to 
the  insiallation  of  transformers  which  require  no  attention  and  are 
more  economical  in  operation  and  cheaper  in  first  cost?  If  there 
were  not  an  enormous  difference  in  the  quality  of  the  two  currents 
and  their  utilization  on  the  part  of  the  consumer  which  would  deter- 
mine the  preference,  the  reason  for  this  conversion  into  direct  cur- 
rent could  be  explained  only  by  the  possibility  of  utilizing  the  older 
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direct-current  stations  (whose  operation  as  steam-generating  sta- 
tions had  been  discontinued)  as  sub-stations  operated  from  a  large 
alternating-current  station,  and  utilizing  as  far  as  possible  the  exist- 
ing equipment.  Tlie  advantages  of  transformers  as  compared  with 
rotary  converters  are  so  numerous  that  they  could  not  be  left  out 
of  consideration  on  other  grounds.  First,  their  cost  is  about  one- 
half;  secondly,  the  weight  of  a  100-kw  transformer  is  only  .6  the 
weight  of  a  rotary  converter  of  the  same  capacity  and  .4  that  of  a 
motor-generator  of  the  same  capacity,  quite  aside  from  the  fact  that 
often  in  the  case  of  motor-generators  —  and  always  in  the  case  of 
rotary  converters  —  transformers  are  required  in  addition. 

Transformers  require  no  constant  attendance;  they  occupy  less 
space  and  their  efficiency  is  higher.  It  is  not  difficult  to  construct 
transformers  having  99  per  cent  efficiency.  Eotary  converters  with 
over  95  per  cent  efficiency  have  probably  not  been  constructed,  and 
at  partial  loads  the  difference  in  favor  of  transformers  increases, 
especially  if  the  comparison  is  made  between  smaller  types. 

All  of  these  circumstances  lead  to  the  fact  that  it  is  possible  with 
transformers  to  increase  notably  the  number  of  sub-stations  withoui; 
sacrifice  in  economy  of  cost  of  installation  or  of  operating.  In  such 
cases  the  sub-stations  supply  only  a  small  area  of  the  city,  and  the 
influence  this  has  upon  the  cost  of  the  secondary  network  is  clearly 
apparent. 

In  the  case  of  rotary-converter  installations,  in  order  to  secure 
larger  units  and  a  smaller  operating  force,  and  because  it  is  difficult 
to  obtain  suitable  real  estate  for  sub-stations,  it  is  desirable  to  limit 
the  sub-stations  to  the  smallest  possible  number;  the  primary  cir- 
cuits are  in  consequence  somewhat  shorter,  but  the  increased  cost 
of  the  secondary  network  is  many  times  this  saving. 

It  is  desirable  then  to  select  as  high  a  secondary  pressure  as  pos- 
sible, delivering  to  the  consumer  by  a  three-wire  system  of  2  X 
200  volts  or  even  2  X  250  volts,  not  forgetting,  however,  that 
by  so  doing  the  mistake  which  it  is  desired  to  avoid  becomes  em- 
phasized —  the  delivery  to  the  consumer  of  a  less  valuable  kind  of 
current. 

We  have  now  touched  upon  the  second  question  which  I  advanced  : 
"Which  kind  of  current  is  of  more  value  to  the  consumer?  In  con- 
nection with  the  house  wiring  there  appears  at  once  a  great  differ- 
ence. The  same  conditions  which  appear  to  make  the  direct-current 
conductors  in  the  street  inferior  as  regards  durability  and  safety 
hold  in  a  still  higher  degree  in  favor  of  the  alternating  current  in 
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residences.  The  insulation  of  direct-current  house  wiring  at  th€ 
same  pressure  must  be  better  on  account  of  the  more  severe  require- 
ments imposed  b}'  the  electrolytic  effects;  they  are  on  this  account 
dearer  for  the  same  safety,  or  at  the  same  installation  cost,  are  lesd 
safe.  Furthermore,  the  distributing  pressure  in  the  case  of  direct 
current  must  be  higher  on  account  of  the  greater  distance  between 
sub-stations,  causing  an  additional  difficulty  in  this  direction. 
Finally,  it  appears,  that  on  account  of  the  secondary  network  with 
widely  ramified  branches,  every  lack  of  insulation  at  every  point 
either  in  the  street  cables  or  in  any  house  installation,  causes  an 
undesirable  disturbance  in  the  installation  of  every  consumer  con- 
nected to  the  same  sub-station.  The  most  desirable  from  the  stand- 
point of  the  consumer  is,  therefore,  an  alternating-current  service 
with  house-to-house  transformers  at  low  secondary  pressure. 

I  believe  I  am  not  saying  too  much  when  I  maintain  that  the 
consumer  will  also  prefer  the  alternating-current  meter  to  the 
direct-current  in  the  long  run.  Without  the  commutator  or  brush 
contacts  common  to  most  direct-current  meters,  it  is  a  simpler 
instrument  and  subject  to  fewer  troubles.  The  clock  meters  of  the 
Aron  type  are  constructed  for  both  systems,  and  the  electrolytic 
meter  has  been  abandoned  for  many  years. 

The  consumer  in  a  large  city  uses  electricity  primarily  for  light- 
ing and  usually  with  incandescent  lamps;  arc  lamps  and  motors 
■occupy  a  second  place,  and  finally  we  may  consider  several  special 
applications  for  medical  purposes,  etc.,  which,  however,  would  not 
determine  a  preference  in  the  selection  of  the  type  of  current. 
After  Careful  reflection  I  have  not  put  jnotors  in  the  first  place  in 
the  consideration  of  central  station  service,  as  is  generally  the  case, 
and  my  decision  is  based  upon  the  following  considerations:  The 
price  of  electric  current  for  motors  must  be  considerably  cheaper 
than  for  lighting  in  order  to  compete  successfully  with  other  motive 
powers.  There  is  really  no  other  reason  why  central  stations  sell 
current  for  motors  so  much  cheaper  than  for  lighting.  The  supply 
of  current  for  electric  railways  is  not  here  considered  because  they 
usually  have  separate  stations.  According  to  the  statistics  of  most 
of  the  large  cities,  the  average  hours'  use  of  current  for  motors  is  not 
greater  than  that  of  current  for  lighting.  During  the  hours  of 
maximum  lighting  load  in  the  European  continental  cities,  the 
motor  load  does  not  fall  off ;  in  the  winter  months,  in  average  lati- 
tudes, the  heavy  lighting  load  begins  at  4  o'clock  and  reaches  a  max- 
imum at  5  o'clock,  but  the  motor  load  does  not  cease  until  6  o'clock. 
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Even  the  fact  that  the  maximum  demand  of  the  current  for  lighting 
does  not  show  the  same  number  of  average  hours'  use  per  year  as 
current  for  power  does  not  strongly  modify  this  conclusion;  for, 
although  it  is  difficult  to  obtain  exact  data  on  the  maximum  demand 
of  this  or  that  service,  it  can  be  stated  with  some  certainty  that 
current  for  motors  will  not  show  any  sensibly  better  load  factor 
than  current  for  lighting  in  the  large  continental  cities.  There 
remains  but  one  reason  for  the  cheaper  prices  for  motor  current  — 
expediency.  Current  for  lighting  must  be  considered,  therefore,  as 
that  for  which  the  highest  price  is  paid  and  from  which  the  station 
receives  the  best  returns,  and  should  be  considered,  therefore,  as  of 
first  importance.  The  value  of  power  supply  should  not  be  left  out 
of  sight,  however,  for  it  represents  about  35  per  cent  of  the  con- 
nected load  in  large  continental  cities,  and  because  it  increases  the 
hours  of  service,  although  to  an  extent  which  is  overrated.  Fur- 
thermore, the  distribution  of  energy  is  a  great  national  economic 
advantage  in  the  development  of  cities,  which  stations  operated  by 
municipalities  will  not  leave  out  of  sight.  Although  the  question 
as  to  which  form  of  current  is  best  adapted  for  motor  service  should 
not  alone  determine  the  choice  of  the  S3'stem,  it  is,  nevertheless,  a 
factor  which  must  be  considered.  Until  several  years  ago  the 
majority  of  electrical  engineers  recognized  only  the  direct-current 
motor;  since  the  discoveries  of  Ferraris  and  Tesla  in  connection 
with  the  concatenation  of  alternating-current  circuits,  all  this  has 
gradually  changed,  and  today  the  polyphase  motor  is  no  doubt 
superior  to  all  others.  In  large  cities  it  is  largely  a  question  of 
application  to  industries  of  a  character  in  which  the  motor  will 
receive  but  little  attention  —  small  factories,  private  establish- 
ments, bakeries,  butcher  shops,  etc.,  services  which  require  that  the 
motor  should  operate  as  soon  as  the  switch  is  thrown.  The  commu- 
tator is  an  obstruction  for  such  service;  it  is  often  neglected  and 
then  gives  rise  to  disturbances;  even  the  rheostat  which  must  be 
switched  in  is  too  complicated. 

In  the  case  of  the  polyphase  motor,  particularly  if  for  service  of 
this  kind  it  is  equipped  with  short-circuited  armature,  these  diffi- 
culties do  not  appear;  it  is  necessary  only  to  open  or  close  a  three- 
pole  switch.  The  polyphase  short-circuited  is  to  be  preferred,  par- 
ticularly for  service  in  which  the  motor  receives  no  attention  for 
long  periods.  This  would  be  the  case  also  in  the  application,  sought 
for  by  central  station  technologists,  of  electric  motors  to  the  driving 
of  small  ice  machines  which,  of  simple  construction,  could  be  intro- 
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duced  in  the  large  cities  in  great  numbers,  giving  a  welcome  summer 
load  for  the  central  stations. 

The  polyphase  motor  is  of  a  type  which,  of  all  electrical  ma- 
chines, has  the  least  mechanical  workmanship,  possesses  the  fewest 
number  of  parts  subject  to  wear,  requires  least  repairs,  and  ap- 
proaches most  nearly  the  ordinary  machine  construction.  As  re- 
gards efficiency,  it  is  the  equal  of  the  best  direct-current  type,  and 
produced  in  quantities  its  cost  of  production  is  less  than  direct- 
current  motors.  Even  the  constructions  with  contact  rings  are 
characterized  by  their  simplicity  as  compared  with  direct-current 
motors,  and  possess  all  of  the  characteristics  through  which  the 
shunt  direct-current  motor  secured  its  extensive  introduction  for 
steadiness  of  running,  regulation  of  speed  and  large  starting  torque. 

Of  late  single-phase  motors,  the  shortcomings  of  which  con^i- 
tuted  for  a  long  time  a  hindrance  to  the  extension  of  the  single- 
phase  system,  have  entered  a  new  stage  of  development.  The  series 
and  repulsion  motors  for  alternating  current,  known  for  a  long 
time,  had  the  defect  that  it  was  hard  to  prevent  sparking  at  their 
commutators,  and  their  speed  varied  considerably  with  variable 
load.  The  types  of  Lamme,  of  the  Wagner  Company,  of  Deri,  of 
Finzi,  of  Eichberg,  of  Latour  and  of  the  General  Electric  Company 
and  others,  have  so  far  overcome  this  difficulty  that  today  it  is 
adopted  for  that  most  difficult  application  of  the  electric  motor,  the 
electric  railway.  It  is  to  be  expected  that  these  methods  will  be  still 
further  developed  in  the  near  future  and  that  then  the  single-phase 
alternating-current  system,  the  simplest  of  alternating-current  sys- 
tems, will  receive  the  appreciation  whicb  it  really  deserves. 

One  of  the  most  important  applications  of  the  electjic  motor  in 
large  cities  is  the  driving  of  elevators.  In  the  continental  cities  of 
Europe  this  part  of  the  service  is  not  very  lucrative  for  the  central 
station,  as  the  average  use  is  very  small  and  is  contemporaneous  with 
the  lighting  maximum;  however,  the  elevator  service  is  the  best 
means  of  securing  the  introduction  of  electric  lighting  in  a  house. 
In  this  service  also,  the  polyphase  motor  has  s^^rpassed  the  direct- 
current  elevator;  it  has,  like  it,  a  steady  speed;  it  can  be  arranged 
for  equally  large  starting  torque;  it  is  reversible  with  equal  ease, 
and  much  less  sensitive  as  to  its  windings,  which  in  the  case  of 
shunt  direct-current  motors,  particularly  for  2  X  200-volt  sys- 
tems in  wbifh  tbe  motors  are  wound  for  400  volts,  arc  easily  burned 
out  by  careless  switcbing,  and  in  other  respects  is  subject  to  greater 
repairs  than  the  poly|)hase  motor. 
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There  is  hardly  a  service  which  cannot  be  undertaken  with  poly- 
phase motors  more  rationally  and  economically  than  with  direct- 
current  motors,  and  even  if  the  motor  service  is  considered  of  ti'.e 
greatest  importance  to  the  central  stations  in  large  cities,  the  alter- 
nating-current supply  is  to  be  preferred  to  direct-current  supply  in 
this  respect  also. 

In  view  of  the  decisive  importance  of  the  incandescent  service, 
that  system  must  in  the  long  run  win  the  victory  which  presents  a 
superiority  for  incandescent  lamp  service.  The  connected  installa- 
tions of  incandescent  lamps  exceed  the  connected  arc  lamps  five  to 
one  in  the  European  stations. 

As  regards  the  utilization  of  the  electric  current  for  incan- 
descent lamps,  the  two  kinds  of  current  have  for  a  long  time  been 
considered  as  of  equivalent  value.  This  is  really  the  case*  at  the 
same  pressure;  but  the  fact  is  becoming  more  recognized  that  the 
filament  incandescent  lamps  are  more  advantageous  at  low  than 
high  pressures.  But  the  direct-current  stations  have  a  tendency, 
in  order  to  utilize  their  networks  to  best  advantage,  to  raise  .the 
pressure,  while  in  the  case  of  alternating  current,  especially  with 
house-to-house  transformers,  the  service  pressure  can  be  chosen  al- 
most as  low  as  may  be  desired.  The  200-volt  incandescent  lamp, 
according  to  exhaustive  tests,  consumes  20  per  cent  more  current 
with  the  same  life,  or  at  the  same  efficiency  it  has  30  per  cent 
shorter  life  than  the  100-volt  lamp,  while  the  cost  is  15  per  cent 
greater.  Two-hundred-volt  lamps  of  less  than  10  candle-power,  or 
less  than  3  1/3  watts  per  candle-power,  cannot  be  produced  as  yet. 
Extensive  tests  have  shown  that  in  order  to  operate  filament  in- 
candescent lamps  most  economically,  it  is  necessary  to  go  below 
100  volts  and  down  to  50  and  35' volts.  The  newer  types  of  in- 
candescent lamps,  like  the  iUier-osmium  lamps  with  their  wonderful 
efficiency,  cannot  be  advantageously  manufactured  above  35  volts. 

Such  tensions  it  is  possible  to  obtain  very  readily  through  ap- 
propriate transformers,  on  account  of  the  extraordinary  fiexibility 
of  the  alternating  current.  In  the  case  of  direct  current,  on  ac- 
count of  its  rigidly  fixed  pressure,  it  is  necessary  in  such  cases  to 
have  recourse  to  connecting  the  lamps  in  series,  thereby  losing  the 
most  valuable  characteristic  of  incandescent  lighting,  the  inde- 
pendence of  the  individual  lamps. 

Again,  other  types  of  lamps  require  higher  pressure,  such  as  the 
Nernst  lamp,  which  at  200  volts  gives  more  satisfactory  results 
than  at  100  volts.    In  the  case  of  alternating  current  it  is  possible 
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to  obtain  at  once  this  higher  pressure  even  in  the  case  of  a  100-volt 
system,  so  that  each  type  of  lamp  can  be  supplied  with  the  pressure 
best  adapted  to  it.  The  latest  and  apparently  most  economical  type 
of  lamp,  the  Cooper-Hewitt  lamp,  has  not  yet  received  a  practical 
test  on  the  European  continent  and  even  m  its  native  land  it  must 
no  doubt  be  further  perfected  ere  it  can  be  considered  adapted  to 
general  practical  use.  As  far  as  known  here,  its  adaptability  for 
three-phase  currents  is  the  same  as  for  direct  current,  and  in  addi- 
tion it  affords  a  good  method  of  securing  an  equal  loading  of  the 
three  legs  of  a  polyphase  system. 

The  alternating-current  arc  lamp  was  for  a  long  time  considered 
of  less  value  than  the  direct-current  arc  lamp.  As  a  matter  of  fact, 
with  the  same  consumption  of  energy  at  the  lamp  terminals,  the 
usefully  developed  light  is  about  20  per  cent  greater  for  direct  cur- 
rent than  for  alternating  current.  This  relation  changes  at  once, 
however,  if  account  is  taken  of  the  fact  that  about  20  per  cent  oC 
the  energy  necessary  for  a  lamp  is  expended  without  utilization  as 
a  steadying  resistance,  and  this  loss  can  be  reduced  to  a  minimum 
in  the  case  of  alternating  current  by  economy  coils  and  inductive 
resistances.  With  the  alternating  current  there  is  secured  at  the 
same  time  the  independence  of  each  lamp,  while  with  direct  current 
only  two  or  three  lamps  can  be  simultaneously  operated  on  110  volts 
and  four  or  five  lamps  on  220  volts  without  undue  loss. 

Enclosed  arc  iamps  of  the  Jandus  type  which  require  higher 
pressures  do  not  give  the  light  output  which  is  the  advantage  of 
the  direct-current  lamp  and  they  require  still  greater  steadying  re- 
sistances. The  alternating-current  arc  lamp  has  lately  reached  the 
same  value  as  the  direct-current  arc  lamp,  as  regards  the  production 
of  light  per  unit  of  energy  at  the  lamp  terminals,  since  chemicals 
have  been  added  to  the  carbons,  increasing  the  lighting  effect.  Thus 
the  alternating  current  gives  better  results  than  the  direct  current 
in  similar  lamps,  using  economy  coils  and  resistances,  as  every  in- 
creasing loss  can  be  obviated.  The  lighting  effect  is  the  same  in 
both  lamps  and  the  alternating-current  arc  lamp  has  the  advan- 
tage in  construction  on  account  of  the  inclined  carbons,  whicli  in 
these  lamps  are  of  the  same  size  and  are  less  likely  to  cause  imcqual 
consumption  than  the  carbons  of  different  diametei-s  in  the  direct- 
current  lamp.  With  this  construction  the  inherent  defect  of  al- 
ternating-current arc  lamps  of  a  lesser  lighting  of  the  ground  dis- 
appears. 
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Outside  of  lighting  and  motors  the  electric  current  is  used  for 
only  a  few  special  purposes,  but  they  are  of  so  little  importance, 
that  the  special  adaptability  of  a  type  of  current  to  one  of  these 
seldom  used  applications  should  not  be  the  deciding  factor  in  the 
selection  of  the  system. 

The  production  of  current  is  too  costly  as  yet  for  it  to  receive 
wide  application  for  heating  purposes.  The  type  of  current  is  in- 
different for  most  heating  appliances,  but  in  the  case  of  electric 
furnaces,  where  the  electrolytic  effects  might  come  into  play,  the 
direct  current  is  excluded,  as  also  in  the  case  of  intense  heat  from 
large  currents  at  low  tension,  in  the  generation  of  which  special 
transformers  afford  the  best  means. 

On  the  other  hand,  the  direct  current  meets  with  better  success 
in  soldering  with  the  arc  and  for  large  projectors  for  demonstra- 
tion. Xo  one  would  think  of  suppl3dng  a  city  with  direct  current  on 
this  account,  if  alternating  current  were  more  advantageous  in  most 
other  respects.  For  such  purposes  in  isolated  cases  motor-generator 
sets  can  be  used,  which  generate  the  direct  current  at  once  of  the 
desired  pressure.  This  is  the  case  for  electrolytic  purposes,  for 
which,  even  with  direct  current,  motor-dynamos  are  often  necessary 
for  conversion  in  order  to  avoid  too  large  resistances  and  the  exces- 
sive losses  due  to  the  reduction  of  pressure  often  necessary. 

Until  we  have  available  lighter  storage  batteries  the  electric  au- 
tomobile will  have  but  little  hope  for  a  wide  application.  Charging 
stations  for  automobiles,  if  supplied  from  an  alternating-current 
distribution,  must  be  equipped  with  motor-generator  sets;  but  this 
complication  brings  with  it  an  advantage,  in  that  the  charging 
pressure  can  be  easily  adjusted  to  the  number  and  state  of  charge  of 
the  cells  on  charge  without  additional  losses. 

On  the  other  hand,  there  are  a  large  number  of  special  applica- 
tions which  can  be  enumerated  which  require  in  the  case  of  direct- 
current  distribution  a  conversion  into  alternating  current;  for 
instance,  for  physicians  and  dentists  who  generally  require  alter- 
nating and  direct  current  for  instruments  which  need  both  kinds  of 
current,  for  lettures,  for  watchmakers,  for  demagnetizing  watches, 
etc. 

In  these  instances,  in  the  case  of  direct-current  networks,  small 
motor-generator  sets  are  required,  if  all  of  the  desires  of  the  public 
are  to  be  considered.  It  is  to  be  noted  that  direct  current  is,  after 
all,  nothing  but  commutated  alternating  current.  We  have  for  the 
conversion,  not  only   motor-generators   and  rotary  converters  — 
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which  can  also  be  used  in  the  conversion  from  direct  current  to 
alternating  current  even  though  they  then  give  with  difficulty  the 
necessary  constant  periodicity  —  but  in  recent  times  we  have  the 
triple  connection  of  the  Cooper-Hewitt  lamp,  converting,  however, 
only  small  currents,  as  well  as  chemical  rectifiers  with  aluminum 
elements,  which,  although  they  give  an  intermittent  direct  current, 
are  sufficient  for  most  purposes. 

The  above  observations  are  doubtless  largely  of  a  deductive 
nature,  for  if  I  have  compared  point  by  point  the  direct  current  with 
the  alternating  current  in  its  production  and  effects,  I  could  give 
the  preference  to  one  or  the  other  system  only  by  the  exercise 
of  judgment.  It  is  difficult  to  compare  the  several  characteristics  of 
the  two  systems  by  figures,  and  finally,  after  all,  it  resolves  itself 
into  arriving  at  a  conclusion  which  shows  us  to  which  side  as  a  whole 
the  balance  trends  by  making  just  such  specific  comparisons. 

If  it  be  desired  to  test  the  correctness  of  the  problem,  it  will  be 
necessary  to  compare  the  actual  operating  results  obtained  from 
direct-current  and  alternating-current  stations  in  large  cities. 

This  gives  a  view  not  without  possibility  of  objection,  for  the 
local  conditions  are  everywhere  different,  and  to  reduce  them  to 
the  same  basis  is  well  nigh  impossible.  In  several  of  the  large 
cities,  however,  central  stations  of  the  different  systems  are  in 
operation  alongside  each  other  under  the  same  outside  conditions. 
A  typical  example  presents  itself  in  Vienna.  For  the  past  15  years 
there  have  been  in  operation  three  companies,  of  which  one  operates 
an  alternating-current  station  and  two  others  direct-current  sta- 
tions. The  smaller  direct-current  station  supplies  only  a  small  dis- 
trict, whereas  the  larger  has  laid  its  caliles  in  nearly  all  streets  of 
the  city  alongside  those  of  the  alternating-current  company,  so  that 
they  cover  about  the  same  territory.  These  two  stations  we  can 
compare  with  each  other. 

The  direct-current  station  uses  the  five-wire  system.  4  x  100  volts. 
and  the  other  station  uses  a  single  and  two-phase  alternating-cur- 
rent system,  which  is  transformed  in  house-to-house  transformers 
from  2000  volts  to  100  volts. 
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The  following  table  gives  the  operating  results  of  the  two  sta- 
tions for  the  past  year: 


Austrian 
values,  direct 
current,  1903. 

Equivalent 

U.S. 
currency. 

Austrian 
values,  alter- 
nate current, 
l90e-3. 

E'luivalent 

U.S. 
currency. 

Investment 

24.95  mill.  kr. 

15.018 

1,600 

6.6  million 

1.86  million 

28  h. 

4.36  million 
66  h. 

$4,990,000 
15  018  kw 

25  Ifi  mill  kr 

.$5.032.(X)0 
li).0:«k\v. 
$264 
12.00f),0()0 
.016,000 
4.3'/- 

fti  lYifi  nnn 

iQ  na« 

$:«2            i.32o" 

6.6(X).000     12  0  million 

372,000      2  ^  inillir.n 

Kw-hrs.  delivered  per  year 

5.60. 

$872,000 
13.20 

21.5  h. 

Operating  expenses,  including 

42.5  h                   »^                1 

1 

These  figures  demonstrate  both  parts  of  m}'  contention:  First, 
the  consumer  recognizes  no  advantage  as  regards  diicet  current; 
otherwise,  as  the  rates  of  both  companies  are  the  same,  the  con- 
nected load  of  the  alternating-current  station  would  be  less.  Sec- 
ond, the  producer  is  able  to  produce  a  unit  of  alternating  current 
cheaper  than  a  unit  of  direct  current.  Vienna  furnishes  the  proof 
also  of  several  other  assertions  which  I  have  maintained.  Another 
station  has  been  added  recently,  which  was  erected  by  the  munici- 
pality. In  this  splendidly  planned  station  three-phase  currents  are 
generated' at  5000  volts,  converted  into  2  x  200  volts  in  sub-stations 
equipped  with  motor  generators  and  storage  batteries.  The  result 
has  been  that  in  the  important  business  districts  where  the  competi- 
tion is  most  keen,  the  new  station  has  found  it  necessary,  in  order  to 
meet  the  competition,  to  install  an  extensive  alternating-current  sec- 
ondary network  with  an  interconnected  low-tension  network  of  100 
volts  in  addition  to  the  secondary  direct-current  cables. 

Of  the  17  European  cities  in  the  German  statistics  which  have 
over  200.000  inhabitants,  there  were  still  10  in  the  year  1891:  which 
had  exclusively  direct-current  service.  Of  these  10  direct-current 
stations,  up  to  this  date  8  have  already  gone  over  to  the  partial  use 
of  alternating  current  —  as  a  rule,  it  is  true,  only  for  operating 
direct-current  motor  generators  —  so  that  only  two  direct-current 
stations  are  confining  themselves  to  the  direct  current.  In  no  case 
has  any  of  the  above  cities  changed  over  from  alternating  current 
to  direct  current. 

In  all  of  the  above  considerations  I  have  always  spoken  of  alter- 
nating current  in  general  without  comparing  with  the  direct  current 
any  particular  alternating-current  system.  "With  the  large  differ- 
ences in  operation  and  construction  between  the  several  kinds  of 
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alternating  current,  there  is  certainly  in  some  cases  one  kind  and  in 
other  cases  another  kind  to  be  preferred,  and  it  is  not  easy  to  find  a 
system  which  combines  in  itself  all  of  the  advantages  of  the  alter- 
nating current  and  avoids  its  disadvantages. 

Notwithstanding  this,  it  is  necessary  to  decide  on  one  of  these 
systems.  In  proposing  a  new  plant  for  a  large  city  I  would  proceed 
about  as  follows,  and  the  reasons  are  to  be  found  in  the  require- 
ments of  a  good  current  distribution  previously  outlined :  At  each 
of  two  points  located  about  diametrically  opposite  in  the  periphery 
of  the  city  —  I  assume  about  12  km  (7.5  miles)  distance  —  there 
would  be  located  on  cheap  ground,  with  convenient  access  for  coal 
and  water,  a  large  central  station,  each  station  containing  six  to 
eight  large  generating  units. 

The  dynamos  would  be  built  on  a  principle  somewhat  similar  to 
the  monocyclic  system,  so  that  with  a  heavy  single-phase  winding 
there  would  be  combined  a  correspondingly  weaker  auxiliary  wind- 
ing in  quadrature,  with  and  connected  to  the  middle  point  of  the 


main  winding,  thereby  giving  exactly  three-phase  alternating  cur- 
rent. (Fig.  2.)  The  numter  of  periods  would  be  50  cycles  per 
second,  and  the  voltage  about  3000  volts,  so  that  a  single  transforma- 
tion could  safely  be  made  to  100  volts.  The  cables  would  have 
three  strands,  to  consist  of  two  heavy  and  one  lighter  strand,  under 
a  common  metallic  sheath.  At  the  points  of  heavier  load,  particu- 
larly for  large  power  demands,  single  transformers  would  be  in- 
stalled ;  for  districts  in  which  the  demand  is  more  distributed,  trans- 
former sub-stations  would  be  used,  from  which  would  go  out 
secondary  circuits  of  a  similar  construction  to  the  primary  circuits. 
In  the  suburbs  and  where  there  was  only  a  small  load,  a  four-con- 
ductor cable  for  2  X  100  volts,  with  a  smaller  neutral  conductor 
(Fig.  2,  d),  might  be  used.    The  transformers  would  normally  be 
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single-phase,  and  three-phase  transformers  would  only  be  connected 
in  case  of  power  load,  one  phase  to  be  connected  in  parallel  with  the 
former.  The  transformers  could  be  cut  in  and  out  by  automatic 
primary  switches,  particularly  in  cases  Avhcre  a  single  transformer 
would  not  carry  the  load.  In  the  larger  transformer  sub-stations  the 
switching  would  be  done  by  hand  before  and  after  the  maximum 
load.  The  lighting  load  would  be  supplied  from  the  main  winding 
of  the  dynamo  through  the  single-phase  transformers,  at  a  pressure 
of  100  or  2  X  100  volts,  and  the  auxiliary  winding  need  only  have 
capacity  enough  to  supply  the  power  load.  Only  the  lighting  phase 
Avould  be  regulated ;  the  motors  would  not  be  affected  by  the  small 
departures  from  the  normal  phase  shifting  and  the  variations  in 
the  pressure  which  might  result  in  the  auxiliary  winding.  The 
primary  cables  of  both  stations  should  meet  at  as  many  points  of 
the  city  as  possible,  avoiding  the  laying  of  both  sets  of  cables  in 
the  same  trench,  particularly  in  the  center  of  traffic,  where  theaters 
and  important  installations  require  special  security  of  current 
supply.  In  case  the  current  in  one  of  the  circuits  should  fail  for 
any  cause,  the  second  station  could  be  called  up  for  the  supply. 

It  would  be  expected  that  in  such  a  system  the  use  of  the  auxiliary 
winding  for  operating  the  three-phase  motors  would  grow  less  and 
less.  The  progress  made  in  the  construction  of  single-phase  motors 
is  so  great  that  the  above  plan  is  no  doubt  the  most  practicable  at 
this  time,  but  in  a  few  years  it  will  surely  be  superseded  by  the 
pure  single-phase  system  with  its  simplicity  of  construction  and 
operation,  to  which  then  it  can  be  changed  over  without  any  change 
in  the  dynamos  or  cable  network. 

The  tremendous  development  of  alternating-current  technology 
ha?  thus  resulted  in  an  important  change  in  the  fundamental  prin- 
ciples for  the  distribution  of  current  in  large  cities.  If  during  the 
infancy  of  our  profession  many  electrical  engineers  held  fast  to 
the  direct  current  because  its  laws  were  more  familiar  to  them,  and 
because  its  operations  appealed  to  them  on  account  of  their  having 
occupied  themselves  with  galvanic  batteries,  they  have  become  con- 
verted, however,  in  the  course  of  time  to  the  view  that  the  alternat- 
ing current  represents  a  step  forward,  and  that  they  were  in  the 
Tight  who  would  not  give  up  their  enduring  faith  in  the  ultimate 
victory  of  the  alternating-current  system. 
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Discussion. 

Chairman  Lihb:  W'e  now  have  the  three  papers  open  for  general  dis- 
cussion. 

Mr.  TowxsEND  VVoLCOTT:  From  the  earliest  days  in  the  use  of  alternat- 
ing current,  we  have  been  told  that  one  of  the  great  advantages  in  the  use 
of  that  current  was  that  it  dispensed  with  the  commutator.  Dr.  Stern 
empliasizes  that  point,  and  goes  on  to  say  how  much  better  the  alternat- 
ing current  is,  because  it  is  unnecessary  to  use  any  commutator,  even  on 
a  polypha.se  motor.  Then  he  ends  by  saying  that  the  latest  development 
of  all,  showing  its  supreme  advantages,  is  to  use  the  commutator  motor 
for  alternating  current.  One  other  point,  to  wjiich  he  refers,  is  the  much- 
talked-of  electrolysis  of  the  direct  current  on  the  insulation  of  the  cables. 
I  must  plead  ignorance  on  that  point.  I  have  been  trying  to  find  how 
much  current  goes  through  the  cable.  All  the  rubber  insulation  that  I 
examined  had  from  500  to  1000  megohms  to  the  mile.  Now,  at  1000  volts, 
with  an  insulation  of  1000  megohms-miles,  it  would  take  1,000,000  hours 
to  get  an  ampere-hour  through  an  insulation  of  the  cable.  One  million 
liours  is  more  than  one  hundred  years.  I  think,  therefore,  that  the 
electrolysis  due  to  leakage  through  the  insulation  would  not  have  a  great 
effect. 

Col.  R.  E.  B.  Crompton:  I  think  we  ought  to  thank  our  Chairman 
for  having  obtained  from  Mr.  Stern  such  an  interesting  paper  but  which 
I  venture  to  think  is  so  much  out  of  date,  or  rather  out  of  touch  with 
modern  practice,  that  it  is  hardly  suitable  for  discussion  to-day.  Per- 
sonally, there  is  hardly  a  statement  in  the  paper  with  which  I  agree,  unless 
it  is  where  he  states  on  page  12,  paragraph  2,  that  the  polyphase 
motor  is  easier  to  manufacture  and  to  maintain  than  the  direct-current 
one.  As  a  manufacturer  I  agree  with  him  in  this.  I  also  agree  with  him 
in  his  advocacy  of  the  frequency  of  fifty  cycles  per  second.  Turning  to 
the  other  papers  I  wish  first  to  say  that  I  have  come  with  other  English 
engineers  to  study  your  methods  of  electrical  supply  so  that  by  inter- 
changing of  ideas  we  may  learn  from  one  another.  In  England  we  appear 
to  have  arrived  at  conclusions  which  differ  widely  from  yours,  and  the  two 
papers  read  to-day  point  this  out.  The  problem  of  light  and  power  supply 
•which  was  put  before  English  engineers  differs  materially  from  your 
problem.  With  us  the  gas  competition  has  from  the  commencement  been 
far  fiercer  than  with  you;  moreover  you  have  found  it  easier  to  obtain 
an  income  from  motors  than  we  have,  probably  from  differences  in  the 
arrangement  of  the  manufacturing  and  residential  quarters  of  the  cities 
in  our  respective  countries.  However,  the  slow  progress  in  England  in 
obtaining  a  motor  load  is  gradually  correcting  itself,  principally  on  account 
of  the  lower  prices  at  which  small  motors  are  now  sold.  At  any  rate  the 
comparatively  small  motor  load  in  England  as  compared  with  America 
has  greatly  differentiated  the  two  countries,  and  has  made  the  average 
load  factor  in  England  notably  lower  than  the  load  factor  in  America. 
In  England  our  variety  of  distribution  systems  is  not  so  great  as  we  find 
here.  We  started  with  three-wire  200  or  220-volt  systems,  distributing 
at  110  volts.     We  have  everywhere  practically  doubled  this  voltage.     All 
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our  largest  cities  in  England,  including  London  with  its  6,000,000  in- 
habitants, after  very  careful  consideration  practically  adopted  what  you 
have  called  the  double  voltage  system.  This  doubling  the  voltage  was  not 
adopted  without  a  struggle.  For  a  long  time  the  lamp  manufacturers 
opposed  us,  and  told  the  consumers,  probably  with  some  reason,  that  they 
would  be  at  a  disadvantage,  as  lamps  of  the  double  voltage  could  not  be 
made  so  efficient  as  lamps  at  the  single  voltage,  but  we  showed  that 
this  could  be  remedied  by  refinements  in  lamp  manufacture,  so  that  now  it 
would  be  very  difficult  for  the  consumer  to  find  that  he  was  at  any  prac- 
tical disadvantage  on  account  of  inferior  efficiency  of  the  double-voltage 
lamps.  The  result  is  that  the  majority  of  our  consumers  take  their  supply 
at  pressures  varying  from  200  volts  in  London  up  to  250  volts  in  Glasgow. 
We  therefore  consider  this  question  settled  and  therefore  completely  dis- 
agree with  all  the  arguments  on  this  point  in  both  Mr.  Torchio's  and  Mr. 
Dow's  paper.  It  follows  that  instead  of  the  economy  of  the  double-voltage 
system  being  at  the  bottom  of  the  list  as  shown  in  Table  1,  page  599,  of 
Mr.  Torchio's  paper,  we  feel  that  the  system  should  be  placed  at  the  top. 
The  most  economically  worked  systems  are  practically  those  shown  on 
system  No.  17,  /.  e.,  a  500-volt  three-wire  distribution  for  light  and  power 
from  sub-stations  provided  with  rotary  converters,  but  it  is  fair  to  say 
that  we  have  not  yet  developed  this  to  its  fullest  economical  efficiency  as  we 
have  up  to  the  present  only  used  motor  generators  and  not  rotary  con- 
verters. As  we  are  substituting  rotary  converters  we  expect  to  obtain 
increased  efficiency.  Mr.  Torchio  has  attempted  to  deal  with  this  matter 
in  a  very  fascinating  way,  a  way  which  I  tried  myself  some  years  ago, 
but  which  I  have  finally  abandoned  as  a  waste  of  time,  that  is  to  make  a 
study  of  an  ideal  town,  and  lay  it  out  and  base  arguments  upon  it.  I 
prepared  my  calculations  for  an  ideal  town  at  great  labor  and  cost  to 
myself,  but  I  never  found  that  any  such  ideal  town  exists  to  which  my 
calculations  can  be  usefully  applied.  Take  by  way  of  illustration  this  town 
of  St.  Louis  —  I  hope  I  do  not  hurt  any  resident's  feelings  by  saying  that  it 
is  not  "  ideal "  in  its  temperature  —  it  would  be  verj'  advisable  to  supply 
it  with  means  of  cooling  by  agitating  the  air  by  fans  such  as  we  provide  in 
Calcutta.  I  am  engineer-in-chief  of  the  Calcutta  Company,  and  80  per  cent 
of  our  load  is  obtained  by  running  continuously  large-sized  overhead  fans, 
which  have  made  such  a  difference  in  the  climate  of  Calcutta,  that  I 
vfenture  to  assert  that  if  they  were  used  to  an  equal  extent  in  St.  Louis 
it  would,  at  all  events  at  this  time  of  the  year,  be  a  much  more  habitable 
place  than  it  is.  I  hope  the  inhabitants  of  St.  Louis  will  see  that  I  speak 
as  a  large  manufacturer  of  these  fans.  I  mention  Calcutta  as  a  convenient 
means  of  showing  you  how  ideal  conditions  are  so  profoundly  modified  by 
the  special  requirements  of  a  town.  For  in  Calcutta  the  fans  are  used 
both  in  the  business  quarter  in  the  offices,  and  in  the  homes  of  the  residents, 
which  are  at  a  considerable  distance  from  the  business  quarter.  The  hours 
of  business  are  from  9  in  the  morning  till  6  in  the  evening,  but  the 
consumer  wants  the  fans  to  run  throughout  the  night  in  his  home,  so  that 
nearly  the  whole  of  the  fan  load  generated  at  one  station  is  transferred 
from  the  business  quarter  of  the  town  to  the  residential  quarter;  so  that 
as  regards  this  fan  load,  although  the  load  factor  of  the  generating  station 
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is  extremely  good,  that  of  the  feeders  and  distributing  STstem  supplying 
both  quarters  is  only  half  so  good.  I  find  that  every  town  for  which  I 
have  made  a  study  of  the  electric  supply  has  special  requirements  of  this 
kind,  which  so  profoundly  modify  the  distribution  calculations  as  to 
render  ideal  calculations  practically  useless.  Every  town  has  its  own 
grouping  of  the  population  into  power  users  and  light  users.  There  also 
conies  in  this  climatic  condition  and  the  use  of  power  for  fans  and  prob- 
ably th^re  will  be  large  demands  in  future  for  producing  artificial  cold  by 
compressing  and  then  expanding  air.  I  look  forward  to  this  artificial  pro- 
duction of  cold  as  a  very  important  future  for  our  power  supply.  As 
so  many  of  our  members  wish  to  speak  on  this  point,  I  have  no  time  to 
controvert  many  of  the  statements  in  both  papers  which  refer  to  English 
practice,  for  instance  as  regards  the  qiiestion  of  lamp  testing,  although  we 
admit  that  our  system  is  not  as  complete  as  Mr.  Dow  has  stated  in  the 
case  of  the  Edison  Companies.  We  are  unable  to  introduce  such  a  system, 
as  we  are  not  allowed  to  do  so  by  law.  Our  customers  are  free  to  buy 
the  lamps  wherever  they  desire  and  although  I  admit  the  question  has 
some  importance,  it  is  considered  that  it  has  gone  into  secondary  rank. 
I  think  I  am  correct  in  saying  that  the  change  I  have  referred  to  in 
England  of  doubling  the  voltage  has  had  the  effect  of  steadily  diminishing 
the  cost  of  the  kilowatt-hour,  or  as  we  call  it  "  The  Board  of  Trade  Unit." 
This  change  has  greatly  reduced  the  cost  of  our  distribution  systems,  and 
the  capital  and  maintenance  charges  belonging  to  them.  On  another  mat- 
ter, I  must  point  out  that  in  England  we,  the  engineers  of  supply  com- 
panies, are  greatly  indebted  to  Mr.  Hammond,  who  is  in  the  room  to-day, 
for  the  splendid  work  he  initiated  thirteen  years  ago,  and  has  carried  out 
steadily  ever  since,  of  analysing  the  annual  accounts  of  all  the  large 
supply  companies  in  England.  These  are  published  weekly  in  a  paper  called 
the  "  Electrical  Times."  At  any  rate  Mr.  Hammond  can  speak  with  much 
greater  authority  on  the  question  of  these  costs  than  I  can  do,  but  I  think 
I  am  correct  in  saying  that  at  any  rate  Mr.  Hammond's  statistics  show 
that  the  arguments  raised  in  favor  of  the  superiority  and  cheapness  of  the 
alternating-current  supply  are  not  supported  by  fact.  I  can  put  it  even 
stronger  than  this.  I  think  nobody  in  England  considers  that  the  advan- 
tages attributed  to  the  alternating  current  are  sufficient  to  outweigh  the 
undoubted  advantages  which  direct  current  gives  us  in  enabling  us  to  use 
storage  batteries.  I  am  a  staunch  supporter  of  the  storage-battery  sys- 
tem. As  chairman  of  one  of  the  largest  London  supply  companies,  which 
has  from  the  very  commencement  produced  record  cost  figures,  I  attribute 
our  low  costs  gieatly  to  the  fact  that  we  are  the  largest  users  of  electrical 
storage.  The  day  when  the  uncertain  cost  of  the  unkeep  of  storage  bat- 
teries was  a  powerful  argument  against  their  use  has  gone  by.  We  used  to 
put  aside  annual  sums  of  about  14  per  cent  per  annum  on  the  cost  of  our 
accumulator  plant,  in  order  to  make  certain  that  we  should  maintain  it 
in  good  condition,  but  nowadays  we  find  we  can  contract  to  have  it  main- 
tained at  6  per  cent,  by  substantial  companies  who  can  give  guarantees 
that  their  maintenance  contracts  will  be  fulfilled  for  a  long  period  of  years. 
In  a  recent  case  where  two  companies  agreed  to  construct  a  joint  generating 
station  for  increase  of  their  generating  plant  a  stringent  agreement  was 
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drawn  up  to  ensure  that  the  usage  of  this  supply  by  the  two  companies 
should  be  fair  and  reasonable,  but  it  was  found  that  whereas  company 
"A"  owing  to  its  large  storage  capacity  was  able  to  take  its  supply  from 
the  joint  generating  station  at  a  high  load  factor  and  whereas  the  other 
company  "  B  "  owing  to  insufficient  storage  took  it  at  a  bad  load  factor, 
it  was  easily  proved  that  the  company  "  B  "  was  violating  the  spirit  of 
the  agreement  and  they  have  agreed  to  amend  their  ways  by  increasing 
their  storage  by  practically  doubling  it,  company  "  B  "  admitting  that  if 
the  matter  had  gone  into  court  they  would  not  have  had  any  case. 

Mr.  Robert  Hammond:  I  hesitate  very  much  in  following  Col.  Cromp- 
ton,  because  I  have  considered  that  on  these  occasions  the  nationality  of 
the  speakers  should  be  alternated  somewhat  in  the  discussion;  but  as  I 
have  an  engagement,  I  will  venture  to  speak  instead  of  waiting  for  an 
American  g^tleman  to  continue  the  debate.  The  watch  is  before  you, 
Mr.  Chairman,  and  I  do  not  want  to  trespass  on  your  patience  long;  but 
I  would  wish,  as  we  had  no  opportunity  of  doing  so  yesterday,  time  being 
so  limited,  to  express  the  great  satisfaction  we  feel  in  being  members  of 
tJiis  section,  under  its  talented  chairman  who,  in  addition  to  his  other 
abilities,  is  translating  into  the  vulgar  tongue  all  the  papers  he  gets 
from  every  part  of  the  world,  including  this  one  of  Dr.  Stern.  I  ventured 
to  say  yesterday,  that  one  had  to  consider  in  the  question  of  the  cost 
of  production  the  actual  ultimate  cost,  in  which  was  included  not  only 
the  operating  cost,  but  the  10  per  cent,  which  seems  necessary  to  be  paid 
upon  capital  expenditure.  I  am  entirely  with  Col.  Crompton  in  this 
matter.  We  have  come  to  America  to  learn,  and  ever  since  we  put  our 
foot  on  American  soil,  we  have  been  going  on  until  this  paper  of  Mr. 
Dow  first  struck  us  last  night  when  we  came  home  from  the  Exposition; 
and  we  saw  we  had  our  chance  to  teach  the  great  American  nation 
something,  at .  least  we  thought  we  had.  Col.  Crompton  has  made  a 
kindly  reference  to  the  analytical  work  which  for  the  past  fifteen  years 
I  have  carried  on.  We  have  the  very  great  advantage  in  England  of 
holding  powers  under  Government  which  makes  it  a  condition  that  the 
actual  cost"  of  operations  of  the  concerns  under  certain  headings,  pre- 
scribed by  them,  must  be  duly  filled  out  at  the  Board  of  Trade,  which 
reports  must  be  handed  out  to  any  one  interested  in  them,  or  rather 
copies  of  the  reports,  upon  the  presentation  of  a  quarter,  or,  as  we  call 
it,  a  shilling.  W^ith  the  necessary  number  of  shillings  I  have  gone  and  I 
have  demanded  the  accounts  of  everv  single  electrical  concern  in  the 
country.  Would  that  I  could  pay  a  shilling  to  Mr.  Lieb  and  make  him 
disclose  to  me  what  is  the  cost,  in  the  Edison  Company  of  New  York,  of 
delivering  every  kind  of  current  to  every  kind  of  consumer.  The  latest 
accounts  that  I  have  analyzed  are  those  of  a  concern,  an  undertaking 
which  I  think  illustrates  the  advantage  of  keeping  an  exact  accoimt  of 
the  cost  of  mains  separate  from  the  remaining  capital  expenditure.  We 
do  seriously  think  that  the  companies  throughout  the  length  and  breadth 
of  the  United  States  will  have  to  tackle  this  question  of  doubling  their 
voltage.  We  grasped  the  problem  which  lay  before  us  in  England  by 
supplying  so  many  milliion  lamps — giving  them  away  —  and  we  had  to 
lace  it,  because  we  felt  that  if  we  did  not  face  it,  we  should  have  to  put 
Vol.  11  —  42 
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in  so  much  capital  in  extra  distributing  mains,  and  the  interest  and 
depreciation  on  this  would  far  outweigh  any  small  difference  in  efficiency. 
We  read  in  these  papers  of  loss  of  current.  Mr.  Lieb  could  figure  it  out  to 
see  what  the  10  per  cent  amounted  to.  Take  a  system  with  which  I  am 
connected  in  London,  we  started  with  a  clean  field  —  in  the  past  we  have 
not  had  the  opportunities  of  starting  with  clean  fields  but  we  have 
generally  started  with  a  little  system  and  gradually  built  it  up  to  a 
bigger  system.  But  when  you  start  with  a  clean  sheet  what  do  you  do? 
You  go  on  in  a  bold  manner;  you  do  not  begin  in  a  peddling  way,  and 
the  result  was  that  in  Hackney  we  spent  $600,000  in  the  generating  plant 
— •  everything  outside  of  the  distributing  system  —  and  $000,000  in  the 
distributing  system.  Had  I  not  been  using  straightaway  the  480  volts 
pressure,  I  should  have  had  to  recommend  these  gentlemen,  much  against 
my  desire,  to  spend  instead  $2,400,000  in  the  mains,  but  by  the  applica- 
tion of  480  volts,  and  the  supplying  of  lamps  at  240  volts,  I  was  able 
to  keep  dovra  the  distributing  system  over  a  large  area  to  the  sum  of 
$000,000.  The  result  of  the  first  year's  work  was,  the  supply  of  elec- 
tricity starting  at  zero  and  running  up  to  a  matter  of  60,000  8-cp 
lamps  at  the  end  of  the  year,  that  we  were  delivering  to  the  con- 
sumers at  an  all  around  cost,  excluding  the  interest  upon  the  capital, 
hut  an  all  around  operating  cost  of  generation  and  distribution,  of  two 
cents  (1.03  pence)  per  kw-hour.  We  can  see,  by  having  these  costs  to 
compare  with  one  place  and  the  other,  that  this  use  of  the  higher  voltage 
plant  is  not  the  wasteful  use  that  some  would  make  it.  I  am  not  one  of 
those  who  consider  that  this  paper  on  the  alternating  current  for  large 
cities  is  so  bad  a  paper.  I  had  the  pleasure  of  visiting  Vienna  and 
making  the  acquaintance  of  Dr.  Stem,  and  I  feel  that  in  the  future  these 
alternating-current  systems  will  take  a  very  much  higher  place  than  the 
great  champions  of  the.  direct-current  system,  including  Col.  Crompton, 
would  give  it.  I  had  occasion  recently  in  the  city  of  Dublin  to  advise 
them  as  to  what  they  should  do  in  order  to  put  their  systems  on  a 
sound  basis.  I  advised  alternating  current.  I  did  not  see  Mr.  Lieb,  un- 
fortunately, but  I  also  went  through  the  principal  cities  of  Europe, 
and  the  final  result  was  that  I  recommended  them  to  put  down  a  three- 
phase  system,  because  we  had  water  and  coal  close  by  (some  four  milea 
from  the  city),  and  therefore  I  had  to  have  an  alternating  system:  but 
liaving  got  my  three-phase  system  into  the  center  of  the  city,  I  think 
I  would  not  change  it  into  anything  else.  I  bring  up  the  two  or  three 
thousand  kilowatts  to  a  central  switchboard  in  the  center  of  the  city  and 
distribute  it  to  some  twenty  sub-stations  situated  in  various  parts  of  the 
city.  In  these  sub-stations  it  is  transformed  down  to  200  volts  for  light- 
ing and  346  volts  for  power.  I  have  four  wires  in  Dublin,  and  therefore, 
between  the  neutral  and  any  leg  of  the  circuit,  there  are  200  volts  for 
lighting,  and  on  the  three-phases  346  volts  for  power  purposes.  So  far  the 
system  has  worked  excellently.  It  does  seem  to  me  that  the  simpler  you 
can  make  the  sy.stems  the  better.  Mr.  Torchio  gives  a  menu  of  eighteen 
systems;  well,  I  am  rather  inclined  to  limit  it  to  two — either  have  the 
alternating-current  sy.stem  throughout,  or  the  direct-current  system 
throughout.    You  cannot  have  the  direct-current  system  clean  throughout. 
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in  a  district  which  reaches  two  and  one-half  miles  from  the  central  station, 
except  by  duplicating  the  stations  or  brinj^ing  in  the  alternating  current 
to  help  out.  In  Hackney,  we  have  a  district  extending  two  and  one-half 
miles  from  the  station,  but  by  the  use  of  the  double  voltage  we  keep 
the  district  supplied.  When  the  distance  exceeds  two  and  one-half  miles, 
and  goes  to  four  miles  and  over,  1  believe  we  should  use  alternating  cur- 
rent; and  in  spite  of  the  features  in  Mr.  Stern's  paper  about  demagnetiz- 
ing watches  with  alternating  current  and  similar  things,  I  believe  on  the 
whole  he  has  the  right  end  of  the-  stick. 

Mr.  Louis  A.  Ferguson:  After  what  Col.  Crompton  has  said  about  Dr. 
Stern's  paper,  I  suppose  we  ought  not  to  discuss  it;  but  really  it  seems 
to  nie  he  has  taken  what  we  have  always  considered  to  be  the  disad- 
vantages of  the  alternating-current  system  and  converted  them  into 
advantages.  He  makes  claims  which  it  seems  to  me  —  I  hardly  like  to  use 
the  word  —  are  absurd  for  the  alternating-current  system.  He  admits  that 
one  of  the  very  important  applications  of  electricity  in  large  cities  is  for 
elevator  purposes,  and  goes  on  to  say  that  the  alternating-current  motor 
is  the  most  advantageous  for  that  purpose.  We  all  know  in  America  — 
from  our  experience  in  the  large  cities  at  least  —  that  the  alternating  cur- 
rent is  not  at  all  applicable  for  first-class  elevator  service.  For  any- 
thing above  a  speed  of  2.50  feet  per  minute,  the  alternating-current 
elevator  is  impossible.  We  have  this  condition  to  meet  in  New  York, 
Brooklyn,  Philadelphia  and  Chicago,  of  supplying  current  to  buildings 
fourteen,  sixteen  and  twenty  stories  high.  The  only  way  we  can  handle 
the  business  is  with  direct-current  elevators.  The  elevator  situation,  as 
Dr.  Stern  attempted  to  point  out,  is  an  extremely  important  one.  We 
are  unable  to  take  out  isolated  plants  in  these  large  cities  unless  we  can 
supply  the  elevator  service,  and  in  order  to  do  that,  we  must  have  an 
elevator  which  will  give  satisfaction,  and  therefore  it  seems  to  me  that 
the  use  of  direct  current  for  this  purpose  is  an  extremely  important  one. 
As  Mr.  Hammond  says,  we  need  not  consider  the  matter  of  demagnetizing 
of  watches  and  such  minor  matters.  I  cannot  agree  with  Mr.  Hammond 
that  we  should  do  one  thing  or  the  other  —  use  either  alternating  currents, 
only,  or  direct  currents  only.  I  am  an  advocate  rather  of  a  combination  of 
the  two,  to  use  alternating  currents  for  transmission  and  direct  cur- 
rents for  distribution;  thereby  obtaining  all  the  advantages  of  alternating 
currents,  and  all  the  advantages  of  direct  currents  without  the  disad- 
vantages of  either. 

Mr.  Arthur  Williams:  I  think  Dr.  Stern's  paper  will  answer  a  useful 
purpose  at  this  time,  in  that  it  has  set  forth  nearly  all  the  advantages  of 
the  alternating-current  system,  all  the  claims  which  can  be  put  forward  in 
favor  of  that  system;  and  after  these  advantages  have  been  carefully 
considered,  he  shows  how  much  further  the  advance  has  been  led  in  the 
direct-current  system  of  distribution,  which  may  be  called  the  ideal 
system  for  distribution  of  current.  Dr.  Stern  draws  comparisons  be- 
tween his  Vienna  system  with  direct  currents  and  other  systems  which 
surround  him  in  Vienna.  I  think  the  picture  would  not  be  complete 
without  a  description  of  Dr.  Stern  and  a  comparative  description  of  his 
opponents.      Having    accompanied    the    chairman    of    this    section    on    an 
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European  trip,  I  had  the  pleasure  of  meeting  Dr.  Stem,  and  I  retain 
a  picture  of  a  very  cultivated  man  of  strong  personality. 

I  have  a  great  hesitation  in  criticising  the  practice  of  any  of  the  com- 
panies represented  by  our  foreign  visitors;  and  yet  I  think  it  is  true  that 
no  American  has  ever  returned  from  a  visit  to  the  European  cities  with- 
out feeling  in  a  measure  disappointed  at  the  lighting  standards  which  he 
found  adopted.  We  heard  them  describe  what  we  think  is  a  lamp  of  high 
standard  in  candle-power  and  brilliancy,  and  the  difference  in  the  lamps, 
due  to  the  fact  that  the  companies  leave  it  to  the  customers  to  purchase 
lamps  wherever  they  like.  I  think  the  consumer  buys  incandescent  lamps 
the  same  as  he  buys  crockery.  We  had  to  consider  that  problem  here; 
many  of  bur  large  customers  proposed  to  buy  their  own  lamps.  A  few 
years  ago  I  was  discussing  lamp  efficiencies  with, a  man  who  was  operating 
a  large  private  plant.  I  expected,  by  substituting  the  lamps  which  we 
would  sell  him,  for  the  lamps  which  he  was  purchasing,  that  we  would 
make  a  large  saving  in  the  use  of  current.  When  we  discussed  the  matter, 
iie  took  me  to  a  workshop,  and  among  the  appliances  which  he  had  was  the 
photometer.  For  many  years  he  had  been  measuring  the  efficiency  and 
candle-power  of  the  lamps  bought  in  the  open  market.  I  think  we  should 
hesitate  to  accept  the  principle  that  our  small  consumers  should  be  per- 
mitted to  purchase  their  own  incandescent  lamps. 

We  look  upon  the  light  as  the  unit  sold,  and  not  the  kilowatt-hour. 
Practically  we  sell  light.  That  is  what  we  are  judged  by,  and  what  our 
system  is  judged  by.  I  think  it  would  be  unwise  in  our  American  practice 
to  put  ourselves  in  the  position  of  having  only  the  cost  of  current  con- 
sidered without  regard  to  the  cost  of  light  to  our  customer.  The  difference 
between  the  120-volt  lamps  and  200-volt  lamps,  in  a  commercial  sense, 
ranges  from  10  to  25  per  cent. 

Mr.  Hammond  speaks  of  00,000  8-cp  lamps.  In  the  past  few  days  we 
have  made  contracts  for  30,000  8-cp  lamps,  for  the  equipment  of  a  single 
building  in  New  York  city. 

In  regard  to  Mr.  Hammond's  contribution  to  the  storage  battery,  I 
would  like  to  say  that  it  appears  to  me  that,  bearing  on  our  discussion  on 
rates  yesterdaj',  with  a  "large  increase  in  storage  battery  we  may  reach 
a  point  where  we  can  compare  our  storage  capacities  with  the  storage 
capacities  of  the  gas  companies  and  thereby  reach  a  level  with  the  gas 
rates. 

Chairman  Lteb  —  Will  any  gentleman  from  the  Continent,  France  or 
Italy,  take  the  floor  and  give  us  his  views  on  this  important  matt«r?  If 
not,  I  will  call  on  the  gentlemen  in  succession  to  close  the  discussion. 
I  consider  that  Mr.  Williams's  remarks  have  covered  Mr.  Dow's  paper, 
as  well  as  Dr.  Stern's  paper,  and  I  will  give  the  floor  to  Mr.  Torchio  for 
as  brief  closing  remarks  as  possible,  as  we  wish  to  take  up  one  other 
paper  before  adjournment. 

Mr.  ToRCiiio:  In  presenting  this  paper,  I  did  not  intend  to  open  a 
discussion  on  the  merits  of  the  direct-current  and  alternating-current  sys- 
tems. I  considered  the  question  settled,  at  least  in  this  country.  The 
large  cities  in  this  country,  like  New  York,  Chicago  and  Boston,  have  di- 
rect-current low- tension  110-  or  120  volt  lamps  and  they  will  not  change. 
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Tliey  could  not  afford  to  change  in  the  future.  The  question  is  settled  as 
far  as  these  cities  are  concerned.  What  I  did  intend  to  bring  forward 
in  my  paper  was  the  condition  that  exists,  perhaps,  more  in  this  country 
than  in  any  other,  in  the  medium-sized  cities  where  they  still  operate 
overhead  lines  for  alternating-current  distribution  for  lighting,  and  500- 
volt  direct-current  distribution  for  power.  In  many  of  these  cities  the 
system  has  grown  to  large  proportions,  and  the  density  of  traffic  makes 
imperative  the  burying  of  the  wires.  As  to  how  to  do  it  I  did  not  com- 
mit myself,  in  my  conclusions,  either  to  the  direct  current  or  to  the  alter- 
nating current;  as  a  matter  of  fact,  I  left  the  question  open  to  suit  con- 
ditions. The  conditions  represented  in  the  paper  are  not  ideal,  aa  the 
American  engineers  will  recognize  them  to  be  characteristic  of  many 
American  cities.  Of  course,  in  this  country,  everything  is  classified  to  a 
greater  degree  than  is  the  case  on  the  Continent,  and  we  have  developed 
in  our  cities  a  business  section  for  purely  business  purposes,  quite  in- 
dependent and  separate  from  the  residential  sections.  In  this  section,  the 
wheels  of  commence  are  moving  faster  every  day  and  the  use  of  power 
for  various  purposes  is  increasing  rapidly.  The  supply  of  light  and  power 
to  this  section  represents  a  great  percentage  of  the  company's  total  business 
of  the  city,  and  it  is  for  these  conditions  that  I  had  it  in  mind  to  open 
the  discussion. 

Unfortunately,  the  discussion  did  not  take  the  trend  I  intended,  but 
I  hope  that  the  paper  will  be  of  some  use,  especially  to  the  American 
engineers,  in  assisting  them  in  the  solution  of  their  problems.  Col.  Cromp- 
ton  laid  stress  on  the  double-voltage  lamp.  He  says  that  several  years 
ago,  they  forced  the  lamp  manufacturers  on  the  other  side  to  make  the 
double-voltage  lamp  as  good  as  the  low-voltage  lamp.  This  statement 
should  be  qualified.  I  believe  that  Col.  Crompton  meant  that  in  England 
they  forced  the  manufacturers  to  make  double-voltage  lamps  as  good  as 
3.6  to  3.8  Avatts-per-candle  efficiency  lamps  could  be  made,  because  five 
years  ago  I  know  that  lamps  on  the  English  circuits  varied  from  4  to  5, 
C  and  7  watts  per  candle,  and  the  3.6-3.8  watts  per  candle  lamp  were  a  real 
boon  to  the  industry.  But  it  is  an  absolute  impossibility,  in  my  opinion,  to 
manufacture  a  double-voltage  lamp  that  will  operate  at  3.1  watts  per 
candle,  and  furthermore,  leave  to  the  customer  the  freedom  of  purchasing 
the  lamps  anywhere  from  any  manufacturer  they  desire.  To  obtain  good 
results  from  high  efficiency  lamps,  they  must  be  operated  very  close  to  the 
rated  voltage.  Now,  makers  of  incandescent  lamps  recognize  the  fact  that 
individual  close  voltage  requirements  for  their  product  can  only  be  met 
commercially  by  careful  assortment  of  all  lamps  and  liberal  diversifica- 
tion of  voltage  required  by  the  trade.  This  involves  the  control  of  the 
lamp  supply  in  different  localities.  In  America,  it  has  been  found  that  this 
can  only  be  accomplished  by  free  supply  of  lamps  to  the  customers  by 
the  operating  companies.  By  making  different  cities  adopt  different  stand- 
ard operating  voltages,  the  manufacturers  are  enabled  to  supply  each 
company  with  lamps  very  closely  rated  as  suited  to  the  respective  voltage 
requirements.  Thus  St.  Louis  may  use  104-volt  lamps,  Chicago,  115-volt 
lamps.  New  York,   120-volt  lamps,  etc. 

1  want  to  say  one  word  in  reference  to  Mr.  Hammond's  figures  in  re- 
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gard  to  the  copper  saving  he  made  for  the  plant  where  he  was  able  to 
use  the  double-voltage  lamps  with  an  expenditure  of  $600,000,  while  an 
expenditure  of  $2,400,000  would  have  been  required  if  he  had  used  low- 
voltage  lamps.  It  is  a  fact,  not  well  recognized,  that  with  a  500-volt 
distribution,  you  require  the  same  amount  of  copper  for  feeders  as  with 
.  a  250-volt  distribution,  because  if  you  figure  out  the  problem  you  w'ill 
find  that  you  will  cover,  with  5Q0-volt  distribution,  four  times  as  much 
territory  from  each  sub-station,  as  with  the  250-volt  distribution.  The 
saving  will  be  in  sub-station,  real  estate  and  building  investment  and 
operating  cost,  but  the  saving  in  copper  is  only  confined  to  the  mains. 
Xow,  the  saving  in  the  mains  is  not  in  proportion  to  the  voltage.  The  cost 
of  the  cable  main  is  the  result  of  the  cost  of  the  copper,  plus  certain  other 
factors,  like  insulation  and  lead  cover,  which  do  not  increase  in  propor- 
tion to  the  cross-section.  Therefore,  you  may  be  able  to  use  with  low- 
voltage  lamps  a  larger  main  than  you  would  use  with  double-voltage 
lamps,  and  still  not  double  or  quadruple  the  cost,  as  Mr.  Hammond 
says,  because  you  can  double  the  cross-section  of  the  main,  with  an  in- 
creased cost  of  cable  of  perhaps  onlj'  60  or  70  per  cent. 

Mr,  Alex.  Dow  (communicated)  :  That  Dr.  Gotthold  Stern  believes  in 
superiority  of  an  alternating-current  supply  and  that  he  has  attained  good 
commercial  results  with  such  a  distribution  seems  to  be  demonstrated 
by  his  paper.  The  paper  does  not  demonstrate,  however,  that  the  selection 
of  alternating  current  rather  than  direct  current  is  the  reason  why  good 
results  have  been  obtained.  Dr.  Stern  claims  for  the  alternating  current 
some  advantages  which  do  not  belong  to  it  per  se  but  are  incidental  to  his 
manner  of  applying  it.  He  claims  for  it  other  advantages  which  I  cannot 
admit  it  to  possess  either  directly  or  incidentally. 

For  instance,  on  page  647,  Dr.  Stern  discusses  the  200-volt  incandescent 
lamp  in  comparison  with  the  100-volt  incandescent  lamp  on  the  assump- 
tion tliat  the  former  is  a  direct-current  and  the  other  an  alternating-current 
lamp.  This  is  an  unwarranted  assumption.  In  the  United  States  we  have 
not  found  it  necessary  in  our  distributions  in  large  cities  to  use  the  200- 
volt  lamp,  and  we  think  that  the  wide  adoption  of  the  200-volt  lamp  by 
European  central  stations  is  in  many  cases  based  upon  insufficient  prem- 
ises and  in  other  cases  is  warranted  only  by  reasons  which  are  purely 
local. 

On  page  648  Dr.  Stern  discusses  arc  lamps  and  claims  for  the  alternating 
current  the  advantages  resulting  from  the  use  of  chemically  treated  car- 
bons. In  this  also  he  claims  too  much.  In  direct-current  practice  we 
have  in  the  magnetite  arc  entirely  eliminated  the  upper  carbon  and  sub- 
stituted for  the  lower  carbon  a  stick  of  magnetic  oxide,  with  the  result  of 
better  light  and  less  cost  than  is  so  far  practicable  with  any  alternating- 
current  device.  When  we  shall  abandon  electrodes  of  pure  carbon,  which 
in  general  practice  we  have  not  yet  done,  it  will  be  found  that  the  direct- 
current  arc  profits  as  much  by  the  new  methods  as  does  the  alternating  arc. 

On  page  637  Dr.  Stern  seems  to  claim  as  a  merit  of  alternating-current 
distribution  the  fact  that  storage  batteries  practicallj'  cannot  be  used 
with  it.  I  do  not  think  he  should  claim  a  limitation  as  an  advantage.  His 
contention  that  tiie  real  purpose  of  a  battery  should  be  to  integrate  the 
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daily  load  curve  is  not  acceptable  to-day  to  any  user  of  batteries.  The 
function  of  the  battery  is  to  eliminate  minor  variations  of  the  load  curve, 
and  above  all  other  things  to  serve  as  an  instantaneous  reserve  source  of 
current.  Dr.  Stern's  denunciation  of  the  battery  reads  somewhat  like  the 
declaration  by  the  fox  in  the  fable  —  that  the  giapes  beyond  his  reach 
were  surely  sour. 

Tlie  contentions  on  page  G40,  641  and  642  as  to  the  less  troubles  found  in 
alternating  cables  are  not  borne  out  by  practice.  Indeed,  I  cannot  take 
seriously  Dr.  Stern's  claim  as  an  advantage  of  the  alternating  current  the 
absence  of  electrolytic  action  in  the  cables.  Neither  he  nor  I  nor  any 
other  engineer  would  tolerate  any  cable  construction  within  which  elec- 
trolytic action  might  be  initiated.  Tlieoretically  a  method  or  material  of 
insulation  which  with  direct  current  might  be  suliject  to  electrolysis 
could  be  used  with  alternating  current,  but  no  central  station  engineer 
would  for  a  moment  consider  such  a  method.  If  theories  are  to  be  dis- 
cussed we  might  as  well  require  that  alternating-current  cables  should 
be  insulated  against  the  maximum  e.m.f.  while  only  requiring  that  direct- 
current  cables  should  be  insulated  against  the  mean  e.m.f.  Practically, 
any  cable  which  is  acceptable  for  the  same  effective  voltage  is  good  for 
either  direct  or  alternating  supply. 

While  talking  of  cables  I  desire  to  say  that  American  manufacturers 
of  underground  cables  have  for  at  least  ten  years  past  sold  their  product 
guaranteed  for  use  on  direct-current  series  circuits  of  5000  to  7000  volts 
—  this  witli  reference  to  Dr.  Stern's  statement  at  the  end  of  the  third 
paragraph  on  page  641. 

At  the  foot  of  page  642  and  again  on  page  643  Dr.  Stern  discusses  the 
use  of  transformers  as  against  rotary  converters.  His  view  of  this  subject 
is  broad  and  in  general  correct.  In  my  paper  on  "  The  Continuous-Current 
Distributing  Systems  of  American  Cities  "  I  have  indicated  similar  gen- 
eral conclusions.  But  I  have  to  challenge  his  statement  that  automatic 
switching  apparatus  for  transformers  can  be  applied  to  scattered  trans- 
formers. Such  devices  have  been  sought  for  years  and  have  been  in- 
vented many  times,  but  not  one  of  these  devices  has  come  into  general 
use.  The  fact  of  it  is  —  and  I  think  Dr.  Stern  knows  it  —  that  no  cen- 
tral station  engineer  wishes  to  be  responsible  for  the  operation  of  these 
devices. 

In  writing  the  third  paragraph  on  page  643,  Dr.  Stern  seems  to  have 
overlooked  the  general  rule  which  dictates  the  establishment  of  a  new 
sub-station  as  soon  as  the  saving  by  shortening  of  secondary  mains  will 
equal  the  cost  of  the  building  and  switching  apparatus.  The  lowest  total 
investment  is  obtained  by  an  application  of  this  rule.  And  throughout 
the  entire  paper  he  seems  to  have  overlooked  the  well-known  fact  when 
converting  or  transforming  apparatus  is  concentrated  in  a  few  sub-stations, 
the  amount  of  apparatus  required  will  approximate  closely  to  the  maxi- 
mum demand  of  the  system,  whereas  when  it  is  scattered  in  many  sub- 
stations or  when  (like  house-to-house  transformers)  it  is  distributed  on  cus- 
tomers' premises,  the  apparatus  required  will  approximate  to  the  connected 
load.  Connected  load  and  maximum  demand  have  very  different  values 
in  any  urban  system.     If  a  district  largely  residential  be  served  by  house- 
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to-house  transformers,  according  to  Dr.  Stern's  own  figures  on  page  643 
the  transformers  will  be  equal  to  80  per  cent  of  the  connected  load.  The 
same  district  if  served  from  a  single  sub-station  will  only  require  trans- 
formers equal  to  25  per  cent  of  the  connected  load.  A  district  where  the 
chief  demand  is  from  factory  motors  will,  if  house-to-house  transformers 
are  used,  require  at  least  75  per  cent  of  the  connected  load;  while  trans- 
formers in  a  single  sub-station  need  not  equal  50  per  cent  of  the  con- 
nected load.  These  considerations  will  seriously  affect  any  specific  com- 
parison between  direct  and  alternating  distribution,  and  they  must  be 
given  some  value  in  a  general  comparisixi.  Tney  tend  under  American 
conditions  to  the  establishment  of  more  sub-stations  than  are  ordinarily 
provided,  but  to  a  much  less  number  of  sub-stations  than  contemplated  by 
Dr.  Stern's  proposal. 

Of  local  circumstances  instanced  by  I>r.  Stern  as  proofs  of  his  conclu- 
sions, the  following  are  most  prominent:  He  claims  on  page  645  that  the 
polyphase  motor  has  surpassed  the  direct-current  motor  in  elevator  ser- 
vice. It  may  be  so  in  Europe.  Since  Dr.  Stern  says  so,  it  doubtless  is 
so.  My  comment  is  that  either  the  European  builders  of  polyphase  elevator 
motors  have  concealed  from  us  some  excellent  work,  or  the  European 
builders  of  direct-current  elevator  motors  are  habitually  doing  what  we 
in  America  would  call  very  bad  work.  I  would  like  to  know  which 
conclusion  is  the  correct  one. 

Further,  on  page  644  Dr.  Stern  says  that  according  to  the  statistics 
of  most  of  the  large  European  cities  the  average  use  of  current  for 
motors  is  not  greater  than  current  for  lighting.  On  page  644  he  figures 
the  average  use  of  all  connected  services  at  400  hours  per  annum.  We 
find  that  the  use  of  factory  motors  in  terms  of  the  connected  load  is  be- 
tween 1000  and  1500  hours  per  annum.  Even  the  despised  elevator  motor, 
while  its  use  in  terms  of  connected  load  is  very  small,  makes  a  magnifi- 
cent showing  when  enough  elevators  are  connected  to  the  system  so  that 
the  sum  of  their  operation  gives  a  practically  steady  load.  To  put  it 
otherwise,  an  individual  elevator  is  not  a  desirable  customer  but  100 
elevators  distributed  throughout  the  area  make  a  very  desirable  addition 
to  our  business.  In  respect  of  the  use  of  elevators,  European  conditions 
undoubtedly  difi'er  from  ours,  but  in  respect  of  the  use  of  factory  motors 
they  surely  cannot  differ  materially. 

Dr.  Stern's  comparison  of  two  Vienna  central  stations  connot  be  dis- 
cussed as  it  deserves  without  more  information  than  he  gives.  I  observe, 
however,  that  Dr.  Stern  does  not  claim  that  the  conditions  governing 
these  two  stations  are  identical  excepting  as  to  the  use  of  direct  current 
and  alternating  current  respectively.  I  think  that  there  must  be  other 
and  much  more  important  differences.  Tlie  difference  in  machinery  would 
not  account  for  the  difference  between  $332  and  $264  of  investment  per 
kw.  Neither  should  the  difference  in  current  account  for  the  difference 
in  operating  expenses  between  5.6  cents  and  4.3  cents.  This  latter  differ- 
ence is  sufficiently  accounted  for  by  the  fact  that  the  direct-current  station 
has  an  annual  output  of  439  kw-hours  per  kw  connected,  while  the  alter- 
nating-current station  has  an  annual  output  of  636  kw-hours  per  kw  con- 
nected.    As  a  central  station  manager  I  cannot  accept  this  comparison 
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of  costs  as  a  demonstration  of  alternating-current  superiority.  As  an 
American  I  cannot  overlook  the  fact  that  all  similar  comparisons  in  the 
United  States  have  resulted  in  favor  of  direct  current. 

To  conclude  my  remarks,  I  desire  to  say  that  no  one  can  appreciate 
more  than  I  do  the  magnificent  work  that  has  been  done  by  alternating- 
current  engineers,  and  tliat  (as  I  have  shown  in  my  paper  read  before 
this  section)  no  one  is  better  aware  than  I  am  that  the  American  prefer- 
ence for  direct-current  distribution  has  its  basis  in  the  past  superiority  of 
that  system  rather  than  to  its  present  superiority.  To  me  it  seems  that 
the  practical  and  commercial  differences  between  the  two  systems  are 
from  year  to  year  disappearing,  and  I,  like  other  American  central  station 
managers,  am  very  slow  to  extend  my  direct-current  area  to  the  displace- 
ment of  alternating-current  service.  The  advent  of  a  satisfactory  and 
cheap  single-phase  motor  is  what  the  alternating-current  system  most 
needs.  With  such  a  motor  and  with  the  intelligent  application  of  sub- 
station distribution,  it  will  be  possible  to  serve  properly  an  urban  area 
by  means  of  alternating  currents.  In  the  meantime  American  conditions 
require  direct-current  distribution,  and  the  central  station  manager  who 
ties  himself  to  alternating  currents  has  to  say  that  "  the  grapes  are  sour  " 
not  only  with  regard  to  storage  batteries,  but  with  regard  to  much  de- 
sirable business  which  a  direct-current  distribution  would  enable  him  to 
reach. 

C?HAiRMAN  LiEB  —  We  have  still  one  paper  before  us,  and  while  it  is  of 
a  character  which  will  require  considerable  study  and  analysis,  we  do 
not  wish  to  handicap  it  in  its  presentation  on  account  of  the  lateness  of 
the  hour.  However,  I  think  we  can  give  it  sufficient  consideration  in  the 
time  left  at  our  disposal.  I  will  ask  Mr.  Louis  A.  Ferguson,  delegate  of 
the  Association  of  Edison  Illuminating  Companies,  to  present  his  paper 
on  "  Underground  Electrical  Construction."  During  the  presentation  of 
this  paper,  I  will  ask  Mr.  W.  C.  L.  Eglin,  another  delegate  of  the  Associa- 
tion of  Edison  Illuminating  Companies,  to  preside  over  the  section. 

(Chaikman  Eglin  presiding.) 

Mr.  FKBGUSOi*  presented  his  paper. 


UXDERGROUND  ELECTRICAL  CONSTRUCTION. 


BY  LOUIS  A.  FERGUSON,  Delegate  Association  of  Edison  Illuminating 

Companies, 


It  is  generally  conceded  that  where  the  business  will  warrant 
the  investment,  electrical  lines  are  much  better  under  ground  than 
overhead.  The  cost  of  underground  work  is  several  times  that  of 
overhead,  and  it  is  only  in  districts  of  fairly  dense  load,  and  in  the 
case  of  important  transmission  lines,  that  the  expense  of  under- 
ground lines  is  justified.  In  almost  all  cities  of  50,000  inhabitants 
or  over,  there  is  a  business  section  and  possibly  in  addition  a  small 
portion  of  the  residence  section,  where  it  will  be  found  desirable  to 
install  underground  lines.  Local  conditions  will  govern  each  case, 
and  it  is  hardly  possible  to  lay  down  general  rules  in  regard  to  the 
comparative  desirability  of  overhead  and  underground  lines. 

Electric  companies  in  the  United  States  are  practically  commit- 
ted to  the  drawing-in  system  of  cables  and  conduit,  and  it  is  to  such 
a  system  that  this  paper  refers  particularly.  What  is  commonly 
known  as  the  "  Edison  Tube  System  "  has  been  used  in  the  past  ex- 
tensively for  low-tension  work,  and  is  still  used  to  a  limited  extent, 
but  on  account  of  the  relatively  short  life  of  the  tul)e  and  the 
higher  cost  of  repairs,  its  use  in  late  years  has  greatly  diminished. 

Conduit. 

Various  forms  of  ducts  are  on  the  market  for  underground 
work,  vitrified  clay  tile  being  used  much  more  than  all  other  kinds 
of  conduit.  There  seems  to  be  no  good  reason  for  using  pump-log 
or  ducts  made  of  any  inflammable  material,  particularly  for  elec- 
tric light  or  power  work.  Cement-lined  iron  pipe  has  been  used 
to  a  certain  extent,  but  there  has  been  some  trouble  with  cables 
in  these  pipes,  due  to  the  lead  on  the  cables  being  in  contact  with 
the  iron  ferrule  at  the  ends  of  the  lengths  of  pipe.  Cement  pipe 
is  also  used  to  a  limited  extent.  Vitrified  clay  pipe  is  furnished  in 
both  single  and  multiple  construction.  Multiple  conduit  pipe  usu- 
ally has  square  holes  and  single-duct  either  square  or  round  holes. 
Conduit  with  square  holes  is  preferable  on  account  of  the  greater 
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ease  with  which  cables  may  be  drawn  in,  and  also  on  account  of 
the  large  number  of  cables  which  may  be  installed  in  one  duct. 
In  general  it  is  imdcsirable  to  pull  several  cables  in  one  duct,  but 
in  cases  of  small  cables  it  is  necessary  to  do  so  to  avoid  wasting 
duct  space. 

Multiple-duct  is  furnished  in  sizes  ranging  from  two  to  nine 
ducts,  and  in  lengths  ranging  up  to  six  feet,  although  the  six-feet 
lengths  are  not  made  to  any  great  extent,  on  account  of  the  danger 
of  warping.  Three  feet  is  the  standard  size  for  four-  and  six-duct 
multiples.  Nine-duct  tile  is  difficult  to  handle,  and  four-  and  six- 
duct  sections  are  most  generally  used.  There  are  two  objections  to 
the  use  of  multiple-duct  as  compared  with  single-duct.  First, 
between  any  two  cables  in  one  piece  of  multiple-duct  there  is  only 
one  wall,  and  second,  it  is  not  possible  to  break  joints  as  with  single- 
duct  conduit.  These  two  things  increase  the  liability  of  a  fire 
in  one  duct  reaching  cables  in  adjoining  ducts.  In  single-duct 
construction  there  are  always  two  walls  between  adjacent  cables 
and  all  joints  are  broken,  so  that  there  is  a  very  slight  possibility 
of  a  burn-out  in  one  cable  reaching  any  adjoining  cable.  Single- 
duct  construction  is  unquestionably  the  best,  particularly  for  large 
companies,  where  a  burn-out  on  a  cable  is  liable  to  be  severe  on 
account  of  the  large  amount  of  power  concentrated  at  that  point. 

The  first  cost  of  single  and  multiple  tile  is  approximately  the 
same.  The  cost  of  installing  multiple-duct  should  be  approxi- 
mately 15  per  cent  less  per  duct  foot  than  for  single-duct.  The 
weight  of  single-duct  tile  is  about  20  per  cent  more  per  duct  foot 
than  for  four-  and  six-duct  multiples.  The  lower  cost  of  installing 
multiple-duct  is  due  to  the  lower  freight  charges,  on  account  of 
the  lesser  weight,  and  also  to  the  smaller  cost  for  labor.  It  is 
usually  necessary  to  employ  a  bricklayer  for  installing  single-duct 
conduit,  and  multiple-duct  may  generally  be  installed  with  the 
better  class  of  laborers. 

Conduit  should  always  be  bought  according  to  specifications 
and  if  a  large  amount  is  to  be  purchased  it  will  pay  to  detail  an 
inspector  at  the  factory,  to  make  sure  that  nothing  but  good  tile 
is  loaded.  There  is  always  a  certain  amoimt  of  bad  tile  in  every 
kiln,  and  your  own  inspector  will  naturally  be  more  careful  in 
sorting  this  than  the  manufacturer.  Your  inspector  can  also  keep 
you  advised  as  to  shipments  and  the  general  state  of  work  at  the 
factory.  On  large  conduit  installations  it  is  frequently  difficult  to 
arrange  shipments  so  that  the  tile  is  delivered  as  needed,  and  it  is 
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hard  to  avoid  the  two  extremes  of  paying  demurrage  on  loaded 
cars  or  of  being  out  of  tile  altogether. 

The  general  dimensions  of  the  ordinary  forms  of  clay  conduit 
are  given  in  the  diagrams  in  Fig.  1. 

It  should  be  borne  in  mind  that  a  conduit  line  of  a  large  num- 
ber of  ducts  is  to  be  avoided  wherever  possible.  While  a  large 
line  may  be  permissible  for  telephone  work,  it  certainly  is  not  de- 
sirable for  electric  light  or  power  work.  The  entire  output  of  a 
station  or  sub-station  of  any  considerable  size  should  not  be  carried 
out  through  one  conduit  line,  but  should  be  divided  between  two 
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Fig.  1.    MuLTiPLE-AND  Single-Tile  Ducts. 


or  more  lines  running  on  different  streets.  The  objections  to  a 
large  conduit  line  are  several.  If  a  large  amount  of  current  is 
being  carried,  the  heat  given  off  from  the  cables  is  not  easily 
radiated  and  the  resistance  of  all  lines  is  materially  increased ;  also 
a  bad  manhole  fire  may  burn  out  all  the  cables  in  one  manhole, 
although  this  should  not  happen  if  the  cables  are  properly  trained 
and  fireproofed.  A  conduit  line  is  occasionally  injured  by  the 
caving  in  of  the  street,  due  to  building  operations,  or  to  broken 
water  pipe.  It  is  not  possible  to  satisfactorily  support  and  pro- 
tect a  large  number  of  cables  in  one  manhole.     It  is  also  difficult 
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to  make  a  safe  installation  of  cables  in  a  large  station  where  all  of 
the  cables  leave  the  station  by  one  conduit  line. 

A  good  arrangement  of  ducts  is  secured  by  laying  them  not 
more  than  four  wide  and  as  high  as  necessary  to  obtain  the  re- 
quired number  of  ducts.  These  ducts  should  be  separated  into  two 
vertical  rows  where  they  enter  the  manhole,  the  separation  being 
about  eight  inches.  The  separating  of  the  ducts  should  begin 
about  five  or  six  feet  back  from  the  manhole.  This  arrangement 
gives  two  vertical  rows  of  cables  on  each  side  of  the  manhole  and 
leaves  them  much  easier  to  support  and  protect  than  would  be  the 
case  with  three  or  more  vertical  rows.  With  an  arrangement  of 
ducts  not  more  than  four  wide  no  cable  can  have  more  than  one 
other  duct  between  it  and  the  surrounding  earth,  thus  permitting 
good  radiation  of  heat. 

The  detail  construction  of  conduit  lines  is  so  fully  covered  in 
the  paper  on  "  Underground  Construction "  presented  to  the 
National  Electric  Light  Association  by  Mr.  W.  P.  Hancock  at  the 
meeting  held  in  Boston  in  May  of  this  year  that  it  is  considered 
unnecessary  to  further  discuss  it  in  this  paper. 

Tables  I  and  II  show  the  approximate  cost  of  conduit  lines 
and  manholes.  These  prices  will  vary  according  to  the  price  of 
labor  and  material,  and  are  based  on  Chicago  prices  at  the  present 
time. 


TABLE  I.-APPROXIMATE  COST  OF  LAYING  SINGLE-DUCT   CLAY  CONDtHT 
(IN  CENTS),  PER  DUCT  FOOT. 


s5 

Cost 

OF  Repaying, 

Per  Square  Yard. 

"^o 

$0.25 

$0.50 

$0.75 

$1.00 

$1.50 

$2.00 

$2.50 

$3.00 

$3.50 

$4.00 

2 

24 

29 

31 

34 

38 

43 

47 

52 

56 

61 

4 

22 

25 

26 

2r 

30 

33 

35 

38 

41 

43 

6 

20 

22 

2:3 

24 

26 

28 

30 

32 

34 

36 

9 

19 

21 

22 

22 

24 

25 

27 

28 

30 

31 

12 

19 

20 

21 

21 

23 

24 

25 

26 

28 

29 

16 

18 

19 

19 

20 

21 

22 

23 

24 

25 

26 

20 

17 

18 

19 

19 

20 

21 

22 

22 

23 

24 

24 

17 

18 

18 

18 

19 

20 

21 

21 

22 

23 

30 

16 

17 

17 

17 

18 

19 

19 

20 

21 

21 

40 

16 

17 

17 

17 

18 

18 

19 

19 

20 

20 

50 

16 

16 

16 

17 

17 

18 

18 

19 

19 

20 

These  prices  are  based  on  3  inches  of  concrete  on  all  sides  of  conduit.  Portland 
cement  at  $1.50.  Tile  to  be  laid  by  brick  mason  at  60  cents  per  hour.  Top  of  concrete 
to  be  30  inches  below  surface  of  street.    Tile  at  five  cents  per  duct  foot. 

It  may  be  found  impossible  to  obtain  permission  for  opening 
the  pavement  on  certain  streets,  or  there  may  be  insufficient  room 
to  build  an  ordinary  conduit  line,  owing  to  obstructions.     In  such 
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cases  it  is  desirable  sometimes  to  build  tunnels.  These  may  be 
left  as  open  tunnels  with  cables  laid  in  racks,  or  tile  may  be  laid 
closing  up  the  tunnel,  either  entirely  or  partially,  thus  making  a 
regular  conduit  line.  This  method  might  possibly  be  used  to 
advantage  for  crossing  crowded  street  intersections,  or  railway 
tracks,  where  it  is  difficult  to  make  an  open  cut.  Several  hundred 
feet  of  these  small  tunnels  have  been  built  in  Detroit,  Mich. 
Tunnels  under  rivers  make  a  much  ^safer  method  of  installing 
cables  than  submarine  cables  laid  on  the  bottom  of  the  river, 
although  if  there  are  only  a  small  number  of  cables  the  cost  of  the 
tunnel  would  hardly  be  warranted. 

Cables. 

Nearly  all  cables  for  underground  work  are  insulated  with  either 
paper  or  rubber  and  are  lead  covered.  For  some  purposes,  such 
as  the  grounded  side  of  street-railway  circuits,  or  the  neutral 
of  Edison  three-wire  systems,  bare  copper  is  satisfactory.  Bare 
copper  should  not,  however,  be  installed  in  the  same  duct  with 
lead-covered  cables.  Paper-insulated  cable  is  more  generally  used 
than  rubber,  on  account  of  its  lower  first  cost  and  also  on  account 
of  its  greater  carrying  capacity.  Rubber  cable  will  stand  rougher 
use  and  may  be  more  easily  handled  in  extremely  cold  weather 
than  paper  cable.  It  is  easier  to  protect  the  ends  of  rubber  cables 
than  those  of  paper,  and  for  this  reason  rubber  cable  is  sometimes 
used  for  mains  and  services  on  account  of  the  large  number  of 
connections  necessary  for  this  work.  It  is  not  difficult,  however, 
to  safely  install  paper-insulated  cable  for  this  class  of  work,  and  it 
is  much  more  satisfactory  to  do  this  and  thus  carry  only  one  kind 
of  cable  in  stock.  Paper-insulated  cable  is  particularly  suitable  for 
feeders  on  account  of  its  high  carrying  capacity.  Within  the  past 
two  years  cable  with  varnished  cambric  insulation  has  been  used 
for  high-voltage  work  inside  stations,  and  to  a  limited  extent  for 
underground  work. 

For  low-tension  work,  up  to  700  volts,  the  thickness  of  insula- 
tion on  cables  is  determined  largely  by  mechanical  considerations. 
For  street-railway  feeders  single-conductor  cable  is  used,  while  for 
lighting  and  power  lines  either  single,  two-  or  three-conductor  cable 
is  used  for  distributing  mains,  but  it  is  more  difficult  to  make 
satisfactory  joints  for  service  taps  on  three-conductor  cables  than 
on  single-conductor  ones,  particularly  if  tins  has  to  be  done  in 
small  service  handholes.      Single-conductor  cable  makes  a  safer 
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installation  for  this  class  of  work.  Single-conductor  cable  is  com- 
monly used  for  low-tension  feeders  in  sizes  ranging  from  350,000 
to  1,000,000  cm.  Considerable  saving  in  feeders  may  be  made 
by  using  two-conductor  concentric  cable  with  pressure  wires  laid 
up  with  the  outer  conductor.  Concentric  cables  for  feeders  are 
used  mostly  in  the  1,000,000  cm  size.  Its  carrying  capacity  is  less 
than  that  of  two-conductor  cables  of  the  same  size,  and  the  cost  is 
about  the  same.  The  saving  is  made  in  duct  and  manhole  space 
and  in  the  cost  of  installation. 

Figs.  2,  3  and  4  show  the  carrying  capacity  of  lead-covered 
pape.r-insulated  cable  in  air  and  in  conduit.  These  tests  were 
made  in  a  laborator}',  the  conduit  consisting  of  a  single  duct  of 
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vitrified  clay  pipe  surrounded  with  approximately  6  inches  of  sand 
on  all  sides.  Figs.  5  and  6  are  the  result  of  tests  on  1,000,000  cm 
two-conductor  concentric  cable,  the  tests  being  made  with  the 
cable  in  the  air. 

The  cables  had  a  6-32  in.  inner  paper  tube,  a  5-33  in.  outer 
paper  wall  and  a  4-33  in.  lead  wall.  Fig.  5  shows  curves  indicating 
the  rise  in  temperature  and  increase  in  resistance  with  increasing 
load.  Fig.  6  refers  to  a  constant  current  of  1000  amperes.  Fig.  7 
gives  the  results  of  tests  of  a  4-0  three-conductor  cable  in  a  con- 
duit, made  in  cold  weather,  other  cables  in  the  conduit  not  being 
heavily  loaded.  The  cable  had  a  ()-33  in.  paper  wall  over  each 
conductor,  a  4-32  in.  wall  over  the  thi'ee  conductors  and  a  4-32  in. 
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lead  outer  wall.  The  curves  show  the  relation  between  tem- 
perature and  current.  Fig.  8  gives  curves  referring  to  a  similar 
test  of  a  1-0  cable  having  the  same  insulation  dimensions. 
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Air. 

Concentric  cable  should  be  made  with  the  inner  conductor 
enough  larger  than  the  outer  so  that  the  average  loss  in  the  two 
conductors  will  be  the  same.     At  maximum  load  the  loss  would 
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Figs.  5  and  6.     Clrves  of  Cable  Tests. 
be  more  in  the  inner  than  the  outer  conductor  and  less  in  case  of 
light  load. 
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Single-  or  multiple-conductor  cables,  up  to  four  conductors,  are 
used  on  alternating-current  primary  distribution  lines.  Duplex 
cables,  with  the  wires  laid  side  by  side  are  sometimes  used.  This 
form  of  cable,  with  paper  insulation,  must  be  very  carefully 
handled,  as  a  slight  bend  edgewise  is  likely  to  crack  the  paper. 
If  it  is  thought  necessary  to  use  this  style  of  cable  it  should  be 
purchased  witth  rubber  insulation.  It  is  not,  however,  a  desirable 
form  of  cable,  for  the  reason  that  two  V-shaped  openings  are  left 
between  the  lead  and  the  insulation  and  there  is  danger  of  water 
finding  its  way  into  these  openings  when  pulling  the  cable  in 
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Fig.  7.     Test  of  No.  4-0  Lead-Covered,  Three-Conductor  Cable. 
Fig.  8.     Test  of  No.  1-0  Three-Conductor,  Lead-Covered  Cable, 

wet  duct-s.  For  two-wire  work  a  concentric  cable  or  two  single- 
conductor  cables  is  much  safer  than  a  duplex  cable  with  the  con- 
ductors side  by  side.  Three-  or  four-conductor  cables  make  up 
well  and  are  easily  installed.  A  three-  or  four-conductor  cable 
admits  of  a  split  type  of  insulation,  especially  in  cables  with  paper 
insulation;  each  conductor  has  the  thickness  of  wrapping  neces- 
sary to  give  the  proper  insulation  between  the  conductors,  and 
all  of  the  conductors  have  a  common  wrapping,  thus  avoiding 
too  much  insulation  between  conductors  in  order  to  obtain  a  proper 
amount  between  conductors  and  ground. 

Transmission  lines  for  carrying  large  amounts  of  power  from 
stations  to  sub-stations  are  nearly  always  three-conductor  and  made 
with  the  split  type  of  insulation.  Cables  are  in  use  in  the  United 
States  and  Canada  carrying  current  at  pressures  as  high  as  25,000 
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volts,  although  a  large  part  of  cables  in  this  class  of  work  are 
operating  at  pressures  between  five  and  fifteen  thousand  volts. 
Table  III  shows  the  thickness  of  insulation  used  by  the  different 
companies  on  cables  of  this  kind.  It  will  be  seen  that  for  paper 
cables  the  thickness  of  insulation  between  conductors  ranges  from 
17  to  67  mills  per  1000  volts,  and  from  15  to  53  mills  per  1000 
volts  between  conductors  and  ground.  In  other  words,  some  com- 
panies are  using  a  factor  of  safety  three  or  four  times  that  used 
by  others.  Table  IV  gives  weights  and  diameters  of  single-con- 
ductor paper  and  lead-covered  cable. 


TABLE  IIL— INSULATION   USED   BY   DIFFERENT  COMPANIES   ON   THREE- 
CONDUCTOR  HIGH-TENSION  CABLES. 


COMPANY. 

Line 
voltage. 

Kinds  of 
insulation. 

Thickness  of  Ixsttlattox   in 
Thousandths  of  an  Inch. 

Between 

con- 
ductors. 

Between 
conduc- 
tors and 
ground. 

PER  1000  VOLTS. 

Between 

con- 
ductors. 

Between 
conduc- 
tors and 
ground. 

New  York  Edison 

New  York  Metropolitan. 

New  York  Sub.  Co 

New  York  Manhattan... 

Bufifalo-Niagara  L 

Buffalo-Niagara  L 

Chicago-Edison 

6,600 

6.601 

11,000 

11,0(10 

11,00;) 

11,000 
9,000 
IS.liOO 
2.5,  (XX) 
25.0fX) 
12,5IK) 
2.5,000 

Paper 

Paper 

Paper . . . . 

Paper 

Paper.... 
Rubber  . . 
Paper . . . . 
Paper . . . . 
Paper . . . . 
Rubber  . . 
Rubber  . . 
Paper 

312 

436 
436 
436 
406 
562 
406 
.5(X) 
562 
436 
562 
562 

312 
343 
468 
436 
406 
281 
383 

484 
374 
2«1 
406 

47 
67 
40 
40 
37 
51 
44 
33 
22 
17 
45 
22 

47 
52 
4;i 
40 
37 
25 
38 
29 
19 
15 
22 
16 

St.  Paul 

St.  Paul 

Providence 

Montreal 

Installation  of  Cables. 
As  a  rule  more  trouble  will  develop  on  underground  cables  due 
to  poor  work  on  installation,  rather  than  to  faults  in  the  cables 
themselves.  This  is  particularly  true  of  the  first  few  years  the 
cables  are  in  service.  It  will  generally  be  found  more  satisfactory 
for  a  small  company  to  have  its  cables  installed  by  the  manu- 
facturing company  which  furnishes  them;  a  large  company,  how- 
ever, can  install  its  own  cables  cheaper  than  the  manufacturing 
company.  All  cables,  excepting  possibly  those  of  small  sizes,  as 
well  as  those  of  a  moderate  size  where  a  large  amount  is  used, 
should  be  ordered  in  exact  lengths,  making  the  proper  allowance 
for  training  in  manholes  and  waste  cable.  Manholes  should  be 
located  so  that  it  will  not  be  necessary  to  pull  longer  than  500-ft. 
lengths  of  cable,  although  in  special  cases  this  distance  may  be 
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extended  slightly.  Sliort  lengtlis  of  small-sized  cable  may  be  easily 
pulled  in  by  hand,  but  longer  lengths  or  large  cable  will  require 
a  capstan,  or  some  similar  device,  operated  ordinarily  either  by 
men  or  by  horse.  Within  the  past  two  years  electric  trucks  with 
a  motor-driven  winch  have  been  used  for  drawing  in  cables  and 
satisfactory  reports  from  several  companies  using  them  have  been 
received.  It  is  claimed  that  there  is  a  very  decided  saving  in 
using  the  truck  as  compared  with  a  capstan  for  drawing  in  cables. 
This  method  should  be  more  satisfactory  in  a  crowded  street  than 
the  use  of  the  capstan,  as  there  would  be  less  time  lost  owing  to 
being  interfered  with  by  passing  vehicles. 

The  ends  of  the  cable  should  be  examined  as  soon  as  the  cable 
is  pulled  in,  to  determine  if  any  moisture  is  present;  if  so,  the 
cable  should  be  cut  back  far  enough  to  remove  the  moisture  and 
the  ends  carefully  taped.  If  any  great  length  of  time  is  to  elapse 
before  jointing,  the  lead  should  be  wiped  over  the  end  of  the 
cable.  If  manholes  with  square  corners  are  used,  care  should  be 
exercised  to  avoid  bending  the  cable  too  short  in  order  to  make  a 
good-looking  installation.  For  work  where  a  great  deal  of  room 
is  not  required  in  manholes  it  is  best  to  build  them  with  the  cor- 
ners cut  on  the  diagonal,  so  that  the  cables,  on  leaving  the  end 
of  the  duct,  will  follow  the  manhole  wall  easily  without  necessitat- 
ing short  bends.  , 

Iron  racks  are  used  ordinarily  for  supporting  cables,  and  while 
this  is  the  easiest  way  of  doing  it,  there  is  the  danger  of  stray 
currents  crossing  from  one  cable  to  another  where  iron  brackets 
are  used.  This  may  be  avoided,  however,  by  putting  small  pieces 
of  sheet  rubber  on  top  of  the  iron  brackets.  Manholes  are  some- 
times built  with  chases  in  the  side  wall  to  provide  support  fo?  the 
cables.  This  also  serves  the  purpose  of  protecting  the  cables  from 
fire  due  to  adjoining  cables.  The  third  method  of  supporting 
cables,  and  also  at  the  same  time  fireproofing  them,  is  the  use  of 
split  clay  tile  for  covering  the  cables,  the  tile  being  supported 
on  one  or  two  light  angle  irons  extending  longitudinally  through 
the  manhole.  At  the  ends  of  the  manhole  45-deg.  curves  are 
laid  in  reverse,  so  that  cables  are  completely  covered  with  tile 
through  the  manhole.  This  method  is  the  safest  one  of  the  three 
and  the  most  expensive.  Its  use  is,  however,  warranted  in  protect- 
ing the  important  lines,  such  as  high-tension  transmission  cables. 
Fig.  9  shows  a  manhole  where  split  tile  has  been  used  for  cover- 
ing the  cables.     Cables  may  also  be  fireproofed  by  covering  them 
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with  a  double  wrapping  of  asbestos  paper  or  tape,  and  binding 
this  by  means  of  brass  or  iron  tape.  This  fireproofing  is  more 
easily  installed  than  the  split-clay  tile,  particularly  in  crowded 
manholes. 

Special  attention  should  be  given  the  taking  care  of  station  ends 
of  cable,  particularly  three-conductor  transmission  cables.  Fig.  10 
shows  the  ends  of  four  9,000-volt  three-conductor  cables  protected 
with  the  necessary  terminal  bells. 

Apparatus  ix  Maxholes   Other  Than  Cables. 

On  a  low-tension  system  employing  an  interconnected  network 
of  mains  it  is  necessary  to  install  junction  boxes  at  the  street 
intersections,  so  that  the  feeders  and  mains  may  be  disconnected  in 
case  of  trouble,  either  automatically,  by  fuses  blowing,  or  by  remov- 
ing the  fuses  by  hand.  It  is  necessary  that  these  boxes  be  water- 
tight and  still  be  easily  accessible.  Cast-iron  boxes  are  used  with 
suitable  bus  bars  and  cable  terminals,  the  cable  being  brought 
in  through  the  sides  or  bottom  of  the  box  and  the  holes  around 
the  cables  being  made  water-tight,  either  by  means  of  stuffing 
boxes  or  wiped  connections.  A  view  of  such  a  box  installed  in 
a  manhole  is  shown  in  Fig.  11.  These  boxes  are  ordinarily 
made  six-pole  and  two-way,  the  neutral  connection  of  the  three- 
wire  system  being  omitted  from  the  junction  box.  A  rubber  gasket 
is  used  to  make  a  water-tight  joint  at  the  door.  Junction  boxes 
have  been  built  for  installation  in  the  roof  of  the  manhole  so  that 
it  is  possible  to  get  at  the  connections  readily  from  the  surface 
of  the  street  in  the  same  manner  as  in  the  Edison  junction  boxes 
for  tube  work.  Service  boxes  are  sometimes  installed  in  man- 
holes, but  it  is  usually  better  to  place  them  on  the  curb  wall  in 
the  basement  of  the  customers'  premises. 

Transformers  for  manhole  use  should  be  built  with  a  water- 
tight ease.  Primary  fuse  boxes  should  not  be  places  in  manholes 
unless  it  is  absolutely  certain  that  the  manholes  can  be  kept  dry. 
If  an  interconnected  network  of  secondaries  is  used,  junction  boxes 
should  be  installed  and  connections  from  the  secondaries  of  the 
transformer  carried  to  the  junction  box. 

Connections  Between  Overhead  and  Underground  Lines. 

In  an  alternating-current  system  operating  both  overhead  and 
underground  lines  one  of  the  most  difficult  places  to  protect  is  the 
connections  between  the  two.     This  is  ordinarily  done  by  carrying 


Fig.  11.     Tailleur  Jlnctiox  Box. 
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a  lead  covered  cable  up  tlie  pole  in  an  iron  pipe  to  within  a  few 
feet  of  tlie  cross  arms.  The  end  of  the  lead  cable  should  be  pro- 
tected with  a  suitable  pothead  and  the  connections  made  from  the 
lead  cable  to  the  weatherproof  wire  by  means  of  a  short  piece  of 
wire  with  high-grade  insulation.  Varnished  cambric-insulated 
wire  with  an  additional  protection  against  the  weather  of  two  or 
three  layers  of  friction  tape,  well  painted,  has  been  used  for  this 
purpose.  It  is  well  also  to  box  in  the  lead-covered  cables  above  the 
top  of  the  iron  pipe,  taking  the  insulated  wires  out  through  bush- 
ings in  the  sides  of  the  box.  The  boxing  in  of  the  lead  cable  and 
potheads  is  done  both  to  protect  them  from  the  weather  and  from 
damage  by  linemen,  and  also  to  protect  the  linemen  from  coming 
in  contact  with  the  grounded  lead  while  working  on  live  wires. 
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Fig.  13.     JManhole  Frames  and  Covers. 

A  view  of  cable  pole  with  the  connections  made  in  this  manner 
is  shown,  in  Fig.  12.  Underground  cables  should  be  protected 
against  lightning  discharge  by  means  of  arresters  placed  within 
one  or  two  poles  of  the  cable  pole. 

Ventilation  of  Manholes. 

On  large  underground  systems  it  is  desirable  to  ventilate  the 
manholes  for  the  purpose  of  allowing  heat  given  ofE  by  the  cables 
to  escape.  The  amoiint  of  heat  given  off  by  a  large  number  of 
loaded  cables  is  very  considerable,  and  while  this  heat  is  given 
off  to  the  surrounding  earth  to  a  great  extent,  more  of  it  can  also 
be  gotten  rid  of  by  ventilating  the  manholes.  This  is  done  ordi- 
narily by  leaving  a  sufficient  number  of  openings  in  the  cast-iron 
covers  of  the  manholes.  A  manhole  frame  and  cover  of  this  type 
is  shown  in  Fig.  13.     It  may  sometimes  be  necessary  to  use  arti- 
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ficial  ventilation  for  manholes  where  the  heat  given  ofE  by  the 
cables  is  not  sufficiently  dissipated  in  the  surrounding  earth  and 
by  the  manhole  ventilation;  this,  however,  would  only  be  necessary 
in  case  of  very  large  and  heavily  loaded  lines.  All  ventilated 
manholes  should  have  sewer  connections.  Ventilated  manholes 
are  a  great  help  in  allowing  gas  to  escape  from  conduit  lines  and 
from  the  ground  generally  in  their  vicinity.  On  comparatively 
small  conduit  lines,  also  on  small  service  manholes  or  handholes 
and  on  manholes  located  where  sewer  connections  can  not  be  made, 
closed  manhole  covers  should  be  used.  These  manhole  covers  are 
usually  made  o€  a  double  construction,  the  inner  cover  having  a 


Fig.  15.     System  of  Recokds,  Undergrottnt)  Lines. 


rubber  gasket  and  being  held  tight  against  the  rubber  gasket  by 

14  shows  a  closed 


means  of  iron  wedges  or  similar  devices, 
frame  and  cover. 


Fig. 


Eecokds. 

One  of  the  most  essential  things  in  connection  with  an  under- 
ground system  is  a  satisfactory  system  of  records.  Suitable  forms 
should  be  provided  so  that  it  will  be  an  easy  matter  for  the  fore- 
man on  the  work  to  make  the  necessary  notes,  and  these  foreman's 
reports  should  be  sent  to  the  draughting  room  for  transferral  to 
the  permanent  records.  The  number  of  records  necessary  will 
depend  on  the  size  of  the  company  and  the  nature  of  the  work. 
Some  of  the  records  kept  by  a  large  company  are  shown  in  Figs. 
15,  16  and  17.  A  good  system  of  records  will  be  found  of  great 
value  in  locating  and  taking  care  of  trouble  and  in  laying  out  new 
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work.     They  will  also  be  of  assistance  to  the  contract  department 
in  looking  up  new  business.     It  frequently  happens,  where  com- 


FiG.  16.     System  of  Conduit  Records. 

plete  records  are  not  kept,  that  the  company  depends  to  a  certain 
extent  upon  the  memory  of  some  of  the  employees,  and  if  these 
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Fig.  17.     System  of  Manhole  Records. 


employees  leave  the  company,  the  information  is  lost.  For  a  com- 
paratively small  expense  records  can  be  made  which  will  be  always 
accessible. 
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Operations  of  Uxdergrouxd  Si'sxEiis. 
Underground  lines  require  much  less  attention  than  overhead 
ones,  but  it  is  a  mistake  to  suppose  that  when  lines  are  once  under- 
ground they  will  take  care  of  themselves.  There  is  always  a 
chance  for  trouble.  Manholes  should  be  cleaned  at  reasonable 
intervals  and  at  the  time  the  cleaning  is  done  an  inspection  should 
be  made  to  determine  if  there  are  any  signs  of  trouble  on  the 
cables  due  to  burnouts,  electrolysis  or  other  causes.  If  the  cables 
in  the  manholes  have  been  covered  with  tile,  no  inspection  is 
needed,  but  there  will  be  a  great  many  places  where  there  are 
exposed  cables.  Junction  boxes  should  be  opened  and  the  contact 
services  under  fuses  cleaned.  Tests  should  also  be  made  for  con- 
tinuity on  all  lines  running  from  one  junction  box  to  another. 
The  cable  lugs  on  the  junction  boxes  should  also  be  examined 
for  signs  of  heat.  If  a  large  number  of  loaded  cables  pass  through 
one  manhole  it  is  well  to  have  temperature  readings  in  manhole 
taken  to  determine  whether  a  temperature  unsafe  for  the  cables 
is  reached;  these  can  be  taken  either  by  a  recording  thermometer 
.or  one  giving  maximum  temperature.  In  cold  weather,  or  when 
the  streets  are  muddy,  it  will  pay  to  have  an  inspector  go  over 
heavily  loaded  conduit  lines  to  make  sure  that  the  ventilating  holes 
in  the  manhole  covers  are  open.  The  feeder  readings,  taken  in 
stations  and  substations,  should  be  carefully  followed  up  to  make 
sure  that  no  feeders  are  overloaded  and  the  load  on  the  mains 
should  be  kept  track  of  as  far  as  possible.  This  is  difficult  to  do 
except  in  a  general  way.  Insulation  resistances  on  low-tension 
lines  are  not  of  much  value,  as  far  as  the  cables  themselves  are 
concerned,  for  the  reason  that  the  surface  leakage  around  the 
terminals  of  the  cables  will  generally  give  low  resistance.  On 
high-tension  cables  insulation  tests  are  of  more  value  than  on  low- 
tension  ones.  On  important  high-tension  lines,  such  as  transmis- 
sion lines  carrying  large  amounts  of  power,  it  is  well  to  test  the 
cables  periodically  at  voltages  50  per  cent  higher  than  normal. 

Method  or  Locating  Grounds  on  Underground  Cables. 

Where  one  conductor  of  a  milltiple-conductor  cable  is  grounded 
and  another  conductor  is  clear  the  following  adaptation  of  the  loop 
test  can  be  used  to  advantage.  This  method  also  applies  to  single- 
conductor  cal)le  where  another  conductor  is  available  for  the  return. 
The  two  conductors  must  be  of  the  same  size  or  corrections  will 
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have  to  be  made  for  the  diflerence  in  the  resistance  of  the  two 
sizes. 

The  grounded  conductor  is  joined  to  the  good  conductor  at  the 
opposite  end  from  which  the  test  is  to  be  made.  A  resistance 
Avire  is  used,  made  up  in  the  form  of  a  straight  wire  bridge  or 
wound  on  a  threaded  drum.  The  wire  is  calibrated  throughout 
its  length.  Contact  C  referring  to  Fig.  18,  is  arranged  so  that 
it  can  be  moved  along  the  resistance  wire  throughout  its  entire 
length.  A  batter}'-  is  connected  between  the  contact  G  and  ground 
and  a  galvanometer  betw'een  the  terminals  A  and  B.  In  making 
tests,  0  is  set  preferably  at  the  middle  point  of  the  resistance  to 
start  with.  "When  contact  is  made,  the  galvanometer  will  swing 
to  either  one  side  or  the  other,  depending  on  the  location  of  the 
ground.  Contact  C  is  then  moved  along  the  resistance  wire  until 
no  deflection  is  obtained  upon  the  galvanometer.  It  will  be  evi- 
dent that  the  distance  to  A  to  C  of  the  resistance  wire  will  repre- 


i? 


D. 
Fig.  18.     Method  of  Locatixg  Grounds. 

sent  the  distance  from  ^  to  G  on  the  conductor  wliich  is  grounded. 
This  can  be  represented  by  the  following  formula,  wherein  L 
represents  the  total  length  of  the  conductors  joined  together,  and 
AC  and  BC  represents  the  relative  distance  measured  on  the 
resistance  arm: 

AC       AG        AC        AG  AC  (L—A  G) 

(1) = ; or = .   Solving, AG  =^ 

BC       BG        BC    I^AG  CB 

L  may  be  expressed  as  the  length  of  the  conductor  in  feet  where 
the  two  conductors  which  are  joined  together  are  of  the  same  size 
or  as  the  resistance  of  the  conductors  where  the  conductors  are 
made  up  of  two  or  more  different  sizes  of  cable.  It  will  be  noted 
that  this  test  is  independent  of  the  resistance  of  the  fault.  The 
resistance  of  the  fault  should  be  low  enough  to  permit  a  sufficient 
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amount  of  current  flow  to  allow  satisfactory  indication  upon  the 
galvanometer. 

A  convenient  galvanometer  for  this  work  is  one  of  the  portable 
t}^e  made  by  the  Western  Instrument  Company,  with  the  zero 
in  the  center  of  scale  and  a  deflection  of  five  divisions  each  way. 

This  loop  test  has  been  found  very  satisfactory  and  on  lines 
ranging  from  one  to  five  miles  in  length  the  trouble  is  usually 
located  within  one  or  two  hundred  feet,  and  as  trouble  of  this 
kind  usually  comes  in  manholes  this  means  that  it  is  located  exactly. 

In  case  the  conductor  on  which  the  ground  occurs  is  entirely 
burned  in  two  and  the  insulation  at  the  point  at  which  cable  is 
damaged  is  sufficient  to  withstand  1000  volts  or  more,  the  ground 
can  be  readily  located  by  measuring  the  relative  charging  current 
from  each  end  of  the  cable. 

Fig.  19  illustrates  the  method  of  making  up  a  joint  on  a  three- 
conductor  cable  for  high-voltage  work.  The  lower  part  of  the 
figure  illustrates  the  paper  tube  used  in  jointing.  These  tubes 
are  impregnated  with  an  insulating  compound  before  being  used. 

CONCLUSIOIT. 

During  the  past  ten  years  the  principal  advancements  in  under- 
ground electrical  construction  have  been  the  substitution  of  cable 
and  conduit  for  Edison  tubes,  the  more  general  use  of  paper-insu- 
lated cable  as  compared  with  rubber,  the  manufacture  and  installa- 
tion of  cables  for  extremely  high  voltages,  the  doing  away  with  wood 
pump  log  and  other  inflammable  material  for  conduit  work,  and  a 
more  stable  character  of  construction  in  general. 

The  next  ten  years  will  probably  see  underground  cables  work- 
ing at  much  higher  voltages  than  those  now  used,  possibly  different 
material  used  for  insulation  purposes,  better  methods  of  protect- 
ing underground  cables  and  safer  construction. 

Discussion. 

Mr.  Arthur  Williams:  I  ask  Mr.  Ferguson  what  rule  governs  the 
location  of  street  mains  through  narrow  streets;  that  is  to  say,  placing 
street  mains  on  both  sides  of  the  street,  the  street  being  narrow,  in  a 
territory  at  present  unimportant,  but  which  may  develop  in  the  future. 

Mr.  C.  D.  Taite:  Mr.  Ferguson  does  not  appear  to  diflferentiate  in  his 
paper  between  cables  used  as  feeders  and  cables  used  purely  as  distributors. 
In  England  it  is  customary,  if  a  drawing-in  system  is  used,  to  separate 
the  distributors  entirely  from  the  feeders.  The  drawing-in  system  is 
used  for  the  feeders,  but  the  cables  for  the  distributors  are  soldered  and 
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laid  in  antimonic  paint  in  wood  boxes.  I  should  be  glad  to  know 
wlic'ther  that  has  been  attempted  in  America  to  any  extent.  Mr.  Ferguson 
has  not  referred  to  fibre  conduits.  A  fibre  conduit  is  now  being  intro- 
duced in  England  which  is  stated  to  be  used  fairly  largely  in  the  States. 
Mr.  P.  S.  SiiEAUDowN :  I  desire  to  ask  a  few  questions  from  the  writer 
of  this  paper.  The  question  of  underground  mains  is  one  of  great  im- 
portance, and  yet  we  usually  hear  very  little  about  them.  The  underground 
mains  take  the  place  of  the  veins  and  arteries  in  the  human  system,  and 
it  is  most  important,  if  we  are  to  have  a  reliable  supply  of  current,  that 
Ihey  should  be  carefully  guarded  and  looked  after.  We  receive  a  great 
many  suggestions  regarding  power  stations,  the  care  of  lamps,  etc.;  but 
very  often,  when  cables  are  once  installed,  they  are  left  to  take  care  of 
themselves,  and  careful  records  are  not  kept  of  the  troubles  which  occur 
in  conjunction  with  the  cables  and  mains.  One  point  raised  was  the  ques- 
tion of  cement-lined  ducts,  which  have  been  pretty  largely  used  in  the 
United  States.  I  ask  if  there  is  much  trouble  from  electrolysis  or  other 
deterioration  of  the  lead  sheath  of  the  cable  in  the  use  of  these  ducts?  My 
experience  is  that  cement  is  a  bad  substance  to  bring  in  contact  with  lead. 
Lead  is  not  attacked  by  acids,  and  people  therefore  imagine  that  it  is  a 
metal  which  is  hard  to  destroy;  but  while  it  is  not  destroyed  by  acids,  it 
is  easily  attacked  by  other  substances  and  it  is  hard  to  get  your  cement 
actually  neutral.  I  want  to  ask  about  the  electrolysis  of  the  lead  when 
laid  in  ducts.  Some  time  ago  I  know  it  was  the  idea  you  could  not  have 
much  trouble  as  long  as  you  kept  the  difference  of  potential  between  the 
lead  sheath  and  the  duct,  or  rails  or  water  pipes,  below  two  volts.  As 
a  matter  of  fact,  you  get  deteriorating  action  with  less  voltage  than  that 
in  countries  where  the  soil  is  damp.  I  have  known  cases  where  the 
voltage  is  not  more  than  two-tenths  of  a  volt  above  that  of  the  general 
potential  of  the  surrounding  conductor,  such  as  water  pipes  or  wires,  and 
yet  there  has  been  trouble  that  was  at  all  events  helped  by  electrolysis. 
I  have  made  many  tests  on  this  matter,  and  it  is  most  interesting  to  notice 
the  way  that  water-courses,  etc.,  alter  the  potential  with  regard  to  the 
theoretical  potential  that  we  should  expect  from  a  certain  syst€m.  I 
think  much  might  be  done  to  avoid  this  trouble  of  electrolysis  by  the 
judicious  bonding  of  the  lead  sheathing  to  the  surrounding  conductors  such 
as  rails,  gas  and  water  pipes,  etc.  If  you  do  not  bond  at  all,  you  will 
find  at  the  outlying  districts  that  the  lead  sheathing  is  usually  negative 
to  the  track  rails  and  positive  to  the  surrounding  water  pipe  system,  but 
in  the  neighborhood  of  the  return  feeder  cables  the  lead  sheathing  is 
negative  to  the  water  pipes  and  positive  to  the  track  rails,  and  it  is  some 
times  possible  to  have  electrolysis  at  either  end.  At  the  distant  ends  the 
trouble  may  be  due  to  the  sheathing  being  positive  to  the  water  and  at  the 
return  feeder  points  due  to  it  being  positive  to  the  rails.  If  you  bond  the 
sheathing  to  the  rails  all  along,  you  will  do  away  with  any  trouble  due  to 
electrolysis  near  the  return  feeding  points,  but  by  bonding  to  the  rails  at 
the  outlying  ends  of  the  system  you  will  probably  make  your  lead  at 
these  points  still  more  positive  to  the  neighboring  system  of  water  and 
other  pipes.  The  proper  method  to  mo  apiM>ars  to  be  when  the  system  has 
just  got  runningj  to  carefully  test  the  relative  potential  between  rails,  lead 
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sheathing  and  underground  pipes  and  to  bond  the  lead  sheathing  to  the 
rails  wherever  it  is  positive  to  them,  and  leave  it  unbonded  where  it  is 
negative  to  the  rails,  which  under  ordinary  circumstances  will  be  in  the 
outlying  districts.  If  one  could  get  permission  to  do  so,  it  would  be  wise 
at  these  places  where  the  lead  is  positive  to  the  surrounding  water  pipes  to 
bond  them  to  the  latter.  I  believe  by  adopting  this  method,  in  most  cases 
the  minimum  of  trouble  due  to  electrolysis  will  be  experienced.  With 
regard  to  the  ventilation  of  manholes,  the  method  of  simply  leaving  the 
holes  in  the  removable  manhole  covers  is  in  some  ways  an  objectionable 
method.  First  of  all  these  holes  often  get  stopped  up  with  hard  mud,  and 
secondly  I  have  known  of  places  where  there  has  been  trouble  due  to  the 
caulks  of  horses'  shoes  getting  into  the  holes  and  either  pulling  off  the 
cover  or  damaging  the  animal's  foot.  Tliis  matter  of  providing  an  effi- 
cient ventilation  for  an  underground  system,  having  many  manholes,  is 
not  as  easily  solved  as  might  be  expected. 

Gol.  R.  E.  B.  Ceomptox:  The  following  questions  arise  on  Mr. 
Ferguson's  valuable  paper.  On  page  678  he  refers  to  the  desirability  of 
carefully  made  connections  between  overhead  and  underground  lines.  I 
think,  however,  that  the  apparatus  he  describes  is  not  sufficient  for  such 
a  difficult  case  as  I  have  met  with  in  Calcutta.  In  this  town  I  have  ap- 
proximately forty  miles  of  overhead  and  forty  miles  of  underground  mains. 
We  were  much  troubled  with  lightning  discharges,  which  frequently  per- 
forated the  insulation  of  the  undergi'ound  mains.  We  tried  every  known 
kind  of  lightning  arrester  on  the  overhead  lines.  I  will  not  here  discuss 
the  causes  of  these  mysterious  perforations,  further  than  to  suggest  that 
it  was  possible  that  they  were  due  to  excessive  static  charges  induced  in 
the  dielectric  of  the  underground  mains  by  charges  of  opposite  sign  pro- 
duced in  the  very  perfectly  insulated  overhead  mains,  but  whatever  was 
the  cause  of  the  trouble  it  was  necessary  to  afford  means  of  rapidly  and 
completely  separating  the  overhead  from  the  underground  system.  On 
account  of  the  annual  torrential  rains  which  in  Calcutta  continue  during 
the  months  of  July  and  August,  I  found  it  necessary  that  all  the  junctions 
should  Jt>e  brought  into  connecting  boxes  standing  about  five  feet  above  the 
surface  of  the  ground,  with  doors  and  covers  so  arranged  that  access  could 
be  given  to  all  the  connections  even  whilst  it  was  raining  and  without  the 
rain  driving  in  on  to  the  insulated  terminals.  Since  we  have  used  these 
pillar  connection  boxes  we  have  found  our  work  much  facilitated.  On 
the  question  of  ventilating  manholes  I  agree  with  Mr.  Sheardown  that  the 
devices  shown  on  page  679  would  hardly  suit  us  in  England.  We  have 
a  good  many  troubles  and  accidents  in  England  due  to  gas  escape,  and  all 
kinds  of  devices  to  cope  with  this.  In  some  cases  we  have  gone  so  far 
as  to  fill  up  all  the  spaces  in  the  manholes  or  in  the  connecting  boxes  in 
which  it  is  possible  for  gas  to  accumulate,  but  of  course  thorough  ventila- 
tion is  far  better  than  these  last  devices  which  are  inconvenient  and  costly. 
Personally  I  prefer  ventilation  by  means  of  a  draught  induced  by  a  vertical 
rising  pipe  carried  from  the  box  and  fixed  against  the  side  of  the  nearest 
house.  I  wish  also  to  call  attention  to  page  682.  I  agree  with  what  Mr. 
Ferguson  says  there  as  to  the  desirability  of  carefully  inspecting  the  under- 
ground mains.    I  believe  one  cause  why  the  supply  company  with  which  I 
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am  connected  in  London  has  always  paid  good  dividends  has  been  that 
we  have  never  neglected  our  mains.  Our  chief  engineer  insists  upon  a 
definite  section  of  the  mains  being  thoroughly  overhauled  each  year;  so 
that  in  the  course  of  three  or  four  years  the  whole  system  has  been  in- 
spected, overhauled,  and,  if  necessaiy,  repaired.  It  may  be  of  interest  to 
you  to  know  that  a  considerable  portion  of  the  mains  I  refer  to  have 
been  laid  down  on  a  system  which  has  everywhere  been  completely  success- 
ful and  I  cannot  understand  now  that  the  patent  rights  are  expired  that  it 
has  not  been  more  universally  adopted.  Perhaps  it  is  on  account  of  the 
opposition  of  the  makers  of  insulated  cables.  Seventeen  years  ago,  we 
commenced  laying  down  our  three-wire  network  and  a  considerable  por- 
tion of  our  feeders  in  the  form  of  bare  copper  strip,  this  copper  being 
strained  ever  carefully  designed  porcelain  insulators  pinned  on  cross-bars 
in  shallow  culverts  placed  immediately  beneath  the  footways.  The  in- 
sulators are  at  a  considerable  distance  apart,  this  distance  being  practically 
the  width  of  the  two  adjoining  houses  which  face  the  mains.  At  each  in- 
sulator, a  manhole  is  fixed  so  that  by  taking  up  its  cover  the  insulator 
can  be  cleaned  and  examined.  At  the  same  point  the  connections  are  made 
to  the  house  circuits.  In  this  way  an  extremely  durable  and  easily  main- 
tained distribution  system  has  been  provided  and  the  upkeep  of  it  is 
practically  confined  to  the  cost  of  inspection  and  cleaning  every  three  or 
four  years.  Within  two  or  three  years  of  the  commencement  of  the  system 
it  was  largely  extended  in  London,  Manchester,  Edinburgh  and  other  towns 
so  that  I  believe  upwards  of  300  miles  of  it  are  in  use  and  in  every  case 
it  has  given  complete  satisfaction. 

Mr.  Ferguson:  In  answer  to  Mr.  Williams's  question,  as  to  what  we 
do  in  narrow  streets  —  Chicago  has  not  the  misfortune  which  is  experienced 
in  New  York  and  Boston,  and  some  of  the  other  old  eastern  cities,  of 
having  some  very  narrow  streets,  and  so  we  do  not  meet  the  same  difficul- 
ties that  exist  there.  All  of  our  streets  are  very  wide,  about  sixty  feet. 
We  do  not  have  the  difficulty  to  which  Mr.  Williams  referred.  In  our  resi- 
dence districts,  however,  we  follow  the  practice  of  running  our  mains  and 
feeders  in  many  cases  down  the  alleyways,  so  that  the  service  is  taken  in 
from  the  rear  of  the  property  to  the  house,  which  may  be  located  seventy- 
five  or  eighty  feet  from  the  alley^vay.  In  that  way  we  have  only  one  set 
of  mains  for  the  service  in  two  streets  fronts;  that  is,  the  set  of  mains 
supplies  the  current  to  the  left-hand  side  of  one  street,  and  the  right- 
hand  side  of  the  other  street. 

]\Ir.  Taite  asked  a  question  about  the  difference  between  feeders  and 
mains.  I  will  say  that  whei-e  cable  feeders  and  mains  are  laid,  it  is  the 
practice  to  put  the  feeders  on  the  lower  line  of  ducts  and  the  mains  on  the 
upper  line  of  ducts.  The  feeders  go  straight  through  from  manhole  to 
manhole  and  the  mains  may  stop  at  any  intermediate  point  in  the  blocks, 
in  subsidiary  manholes,  and  in  that  way  the  service  is  taken  from  the 
mains.  We  also  make  a  difference  between  feeders  and  mains,  in  the  use 
of  cables  for  feeders  and  Edison  tubes  for  mains,  in  that  way  the  feeders 
run  from  manhole  to  manhole,  for  in  the  manhole  is  located  one  of  the 
junction  boxes  described  in  the  paper,  and  the  Edison  tubes  which   run 
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close  to  the  curb  are  connected  to  this  junction  box,  so  that  the  service  is 
taken  off  from  the  Edison  tube  in  the  regular  way. 

In  regard  to  the  use  of  fibre  conduits,  I  have  no  personal  experience 
regarding  them.  I  think  the  American  Fibre  Conduit  Company  sold  quite 
a  little  of  this  conduit,  especially  to  the  telephone  companies,  and  I 
think  to  some  of  the  electric  light  companies;  and  my  only  knowledge 
of  it  is  based  on  observation,  and  not  experience,  and  my  objection  to 
it  is  simply  the  possibility  of  damage  owing  to  fire. 

Regarding  the  cement  deterioriating  the  cable,  I  have  no  personal  ex- 
perience regarding  this.  So  far  as  I  know  we  have .  not  met  with  any 
such  experience  in  this  country.  I  will  say,  however,  that  there  has  been 
some  trouble  Avith  cement-lined  pipe,  which  is  different  from  the  ordinary 
cement  conduit.  There  the  trouble  occurs  at  the  ends,  where  there  is  a 
little  iron  ferrule. 

Regarding  the  protection  of  the  lead  in  ducts,  ten  years  ago  perhaps 
we  used  a  jute  covering  on  the  lead  cable,  but  I  think  all  companies  have 
abandoned  it  and  do  not  use  it  any  more.  The  objection  to  it  is  that 
with  it  thei;e  is  difficulty  in  removing  the  cables  from  the  ducts,  because 
the  cables  stick  together  and  adhere  to  the  ducts. 

(Chairman  Lieb  presiding.) 

Chairman  Lieb  —  To-morrow,  Wednesday,  there  will  be  no  session  of 
this  Section.  There  will  be  a  joint  meeting  of  Section  F  of  the  Congress, 
the  Institution  of  Electrical  Engineers  of  Great  Britain  and  the  American 
Institute  of  Electrical  Engineers,  which  will  be  held  at  Festival  Hall  at  10 
o'clock  to-morrow. 

We  will  now  adjourn  until  9:30  o'clock  on  Thursday  morning. 

THURSDAY    MORNING    SESSION,    SEPTEMBER    15. 

Chairman  Lieb  called  the  meeting  to  order  at  9:30  a.  m. 

CiiAiRiLAN  Lieb:  The  papers  for  this  morning  begin  with  a  presenta- 
tion of  a  paper  by  Prof.  Clarence  Feldman  and  Josef  Herzog  on  "  The 
Distribution  of  Voltage  and  Current  in  Closed  Conducting  Networks." 
As  you  have  this  paper  in  hand,  gentlemen,  I  think  it  will  be  evident  that 
it  is  hardly  a  paper  on  which  much  discussion  can  be  had  offhand,  as 
it  is  a  paper  which  treats  with  the  problem  from  an  analytical,  graphical 
and  mathematical  standpoint.  If  it  meets  with  your  approval,  we  will 
consider  this  paper  as  having  been  read  by  title  and  we  will  then  proceed 
with  a  discussion  of  the  paper. 


THE   DISTRIBUTION   OF  VOLTAGE    AND   CUR- 
RENT IN  CLOSED  CONDUCTING  NET-WORKS. 


BY  PROF.  CLARENCE  FELDMAKNT  AND  JOSEF  HERZOG. 


The  principle  of  finding  the  distribution  of  voltage  and  cur- 
rent in  closed  conducting  net-works  was  long  ago  taught  by 
Gauss,  Kirchhoff,  Maxwell  and  others.  But  when  electrical  en- 
gineers felt  the  necessity  of  a  simple  way  of  handling  these  prob- 
lems, especially  for  underground  net-works  of  central  stations  in 
cities,  it  was  found  that  the  general  solution  and  knowledge  was 
not  immediately  applicable,  and  sufficient  for  the  special  technical 
demands  of  practice.  The  case  was  analogous  to  one  in  mechanics 
where  it  was  necessary  for  the  complete  understanding  and  the 
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Fig.  1. 


practical  application  to  work  with  the  simple  laws  of  the  lever, 
although  the  theorem  of  D'Alembert  gave  a  general  rule  for  the 
balancing  of  forces. 

We  shall  demonstrate  here  some  simple  theorems  which  go  to 
explain  the  manner  of  dealing  with  net-works  of  conductors  from 
the  standpoint  of  the  electrical  engineer,  greatly  restricting  the 
application  of  mathematics. 

1.  Discharging  double  and  multiple  knots  from  the  currents 
with  which  they  are  loaded. 

Let  A  B  in  Fig.  1  represent  a  conductor  of  a  net-work  whose  end 
knots  have  the  potential  Ti  and  V.,  and  from  which  a  current  I  is 
tapped  at  the  point  C  with  a  potential  V.  Let  the  resistance  of 
the  whole  conductor  be  r,  and  the  resistances  of  the  parts  r^  and  r,. 
Let  the  currents  in  these  parts  of  the  conductor  be  ^  and  i^  and 
Vol.  11  —  44  [689] 
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assume  ohmic  resistances  for  the  practical  case.  Then  to  have  the 
balance  in  the  current  distribution 

Furthermore,  the  potentials  must  correspond  to  the  equation 
y=yi—hri=V.—i.u, 
and  hence  the  currents  in  the  conductor  must  be 

i,^rj+  Ii^3  ,   i,  =  i-r..  - ^- - T > (I.) 

T  r  r  r 

Here  the  first  members  represent  those  currents  which  would 
flow  in  the  conductor  AB  \i  the  potentials  in  A  and  B  were  equal, 
or  if  these  points  coincided.  The  second  members  represent  the 
currents  which  would  flow  from  A  to  Z?  if  the  conductor  had  no 
load  at  all,  and,  therefore,  the  current  might  be  called  the  no-load 

current  of  the  line.    If  we  interpret  I  —  and  7  —  as  the  components 

of  the  current  Ij  we  may  regard  them  as  acting  at,  or  being  tapped 
from,  the  points  A  and  B  without  producing  any  change  in  the  con- 
ditions of  the  net-work  beyond  the  conductor  AB.^    li  R  represent 

the  resistance  of  r,  and  n  in  parallel,  or  —  =  — i — ,  these  com- 

H       r,     7-2 

7?  Ji 

ponent  currents  may  be  written  in  the  form  I  -  or  I  —  respectively, 

which  admits  at  once  of  application  to  multiple  knots. 

Equation  I  shows  that  the  final  current  distribution  may  be 
regarded  as  the  superposition  of  two  partial  distributions  (Strom- 
bilder),  one  with  load  and  equal  potentials,  the  other  with  no  load 
and  unequal  potentials.  In  the  same  way  the  partial  distributions 
of  voltage  or  current  may  be  superposed  in  whole  net-works  if 
different  voltages  or  current-consuming  devices  be  applied  succes- 
sively. This  very  important  principle  of  superposition  is  expressed 
by  the  linear  character  of  the  equations.  It  is  due  to  Smassen, 
Helmholtz  and  others,  and  its  complete  understanding  opens  a 
clear  insight  into  the  problems  with  which  we'  here  deal. 

1.  J.  Heizog,  Die  Strom verteiliing  in  Leitungsnetzen.  Electrotechn. 
ZeUschr.  Jan.  6,  1893. 
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The  theorem  of  the  component  currents  remains  the  same  for 
multiple  knots,  for  instance,  for  threefold  knots.     Fig.  2  shows 


Fig.  2. 
this    case   with   the   notations    used.      The    partial    currents    are 


A  = 


Vi-V 


Io  = 


v,-v 


I, 


n  7-2 

and  the  consumer  receives  the  current 


J.  — 1 [ . 


ri        ^2         rs 


r?  n 

'  ""i       r2       rs 


If  R  is  the  resistance  resulting  from  the  paralleling  of  r^,  r.^  and  r.,, 
the  potential  at  the  threefold  knot  V,  is 


V= 


V, 


V, 


K 


+  — + 
ri         n  r-i 


I\R. 


If  we  suhstitute  this  value  in  7i= 


F 


n 


,  we  obtain 


r, 


(IT.) 


1  '1 

The  currents  l^,  7,  and  /j  consist  each  of  a  no-load  current  t\,  i. 
and  ig,  which  depends  only  upon  the  potentials  in  A,  B,  C  and  the 

J?       J?      J? 
resistances  r^,  r.  and  r^,  and  of  a  component  current  i"  ^ '  ^  ~  '  ^  ^ 

which  values  are  only  regulated  by  the  current  tapped  from  the 
center  knot  and  the  resistances  of  the  legs  and  are  independent 
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of  the  potentials  of  the  knots.  Therefore,  the  currents  which  are 
the  components  of  the  knot  in  the  middle  of  the  star  may  be 
carried  away  from  this  knot  and  thrown  on  the  knots  A,  B,  C  with- 
out altering  their  potentials.  In  the  same  way  we  may  carry  the 
load  from  an  n-fold  knot  to  its  neighboring  knots  by  loading  them 
with  the  corresponding  component  currents.^ 

2.  TkANSFOKMATION  of  NET-WOEXS  into  OTHETfS  WITH  EQUIVA- 
LENT RESISTANCES,  OR  TRANSFIGUIU.TION.  ( "WiderstandstreuG 
Transfiguration. ) 

The  transformation  of  net-works  or  their  parts  in  such  a  manner 
that  the  current  and  voltage  distribution  in  the  rest  of  the  net-work 


Fia.  3. 

remains  unaltered  is  a  valuable  means  of  studying  net-works. 
Oliver  Heaviside  says  in  his  "  Electromagnetic  Theory/'  "  The 
method  of  resistance  operators  is  applied  to  obtain  the  solutions 
in  those  cases  in  which  any  arrangement  of  resistances,  inductances 
or  capacities  is  inserted  between  the  source  of  the  electrical  energy." 
Indeed,  an  investigation  of  the  relations  of  resistances  of  parts  of 
a  net-work  is  exceedingly  fertile.  If  we  want  to  transform  a 
resistance-polygon  ABC...  Fig.  3,  into  a  star  connection  0  in 


2.   Prof.  J.  Teichmueller  has  lately  designated   this  theorem,   which   is 
our?,  as  new.     Electrotechn.  Zeiischr.  April  30,  1903.     Page  339. 
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such  a  way  that  no  change  of  current  or  potential  distribution 
takes  place  outside  the  polygon,  we  may  locate  in  each  conductor 
A  B,  B  C  .  .  .a  point  with  the  potential  Vj  of  the  knot  0  which 
we  desire  to  form,  and  then  we  may  connect  these  equivalent 
points  so  that  they  coincide.  If  we  now  replace  adjoining  resistances 
by  an  equivalent  part,  we  obtain  the  star  connection  of  equivalent 
resistance.  If  this  idea  is  carried  out  for  any  given  polygon,' 
it  will  be  seen  that  the  resistances  of  the  newly  formed  legs  of  the 
star  always  depend  upon  the  potentials  of  the  knots  ABC..., 
and  we  find  that  only  a  triangle  has  the  valuable  property  of  ad- 
mitting a  transformation  independent  of  these  potentials,  whicii 
transformation  has  been  given  by  Dr.  A.  E.  Kennelly.* 

In  order  to  be  able  to  replace  two  parts  of  a  net-work  for  the 
same  knots,  A  B  C  D  .  .  ,  and  the  same  potentials,  Fj,  V^,  Fj,  V^ 


Fig  4. 


....  by  equivalent  resistances,  without  disturbing  the  rest  of 
the  net-work,  it  is  sufficient  to  have  the  resistances  of  the  two  parts 
of  the  net-work  equal  between  each  pair  of  knots,  A  B,  A  C,  B  C 
....  In  order  to  prove  this,  imagine  only  two  potentials,  Fj  F, 
or  F2  F3  existing,  and  the  others  7^=  V^=  0  or  Vj=  V^=  0,  find 
the  partial  current  distribution  of  each  pair  and  superpose  them. 
For  a  triangle  and  three-pointed  star,  we  obtain  the  following 
(Fig.  4).  If  the  potential  in  C^  7^=0,  and  the  knots  A  and  B 
have  the  potentials  F^  and  Fg  respectively,  the  resistance  c  parallel 


3.  Herzog-Feldmann, "  Berechnung  der  Leitungsnetze,"  2.  auflage  I.  Teil, 
p.  212.    Published  by  Julius  Springer,  Berlin. 

4.  Dr.  A.  E.  Kennelly  "  On  the  Determination  of  Current  Strength  in  a 
Three-pointed  Star  Resistance  System."  Elect.  World  and  Eng.,  1899.  vol. 
34,  No.  8,  p.  268;  and  "  The  Equivalence  of  Triangles  and  Three-pointed 
Stars  in  Conducting  Net-works,"  Elect.  World  and  Eng.,  vol.  34,  No.  12, 
p.  .413. 
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to  (a-\-h)  of  the  triangle  must  be  equal  to  the  resistance  («+)S) 
of  the  star.    This  gives 

u  . or  a  4-/9  =  c  ; (1) 

c    ^    a  +  b  a  +  i3  a  +  b  +  c  ' 

In  the  same  way  when  the  two  transfigurations  of  resistances 
between  A  and  C  with  the  potentials  Tj  and  Y^  and  with  Y ^=  0 

shall  be  equivalent,  we  must  have 

a+r  =  !,-^±^ (2)' 

a  +  bi-c 

The  difference  of  (1)  and  (2)  gives 

fi—r  =  a     ''"^       (3) 

^  a+b+c  ^  ' 

But  as  between  C  and  B,  Y.^  and  Y^  for  7^=  0 

^+r  =  a     ^  +  "     (4) 

a+b+c  ^  ' 

we  find  by  adding  (3)  and  (4)  /9  =  — ^^  ^^^^•) 

Or  in  words,  the  resistance  of  each  leg  of  the  equivalent  three- 
pointed  star  is  equal  to  the  product  of  the  adjoining  resistances  of 
the  triangle,  divided  by  the  resistance  of  its  perimeter. 

As  a  mnemotechnical  rule"^  one  may  use  the  form 

.,  abc 

aa^  pb^^YC  = •  . 

a  +  b  +  c 

The  same  will  be  found  by  a  graphical  investigation  by  taking 


into  consideration  that  for  an  angle  (Fig.  5),  the  two  resistances 
r^  and  r.  of  the  legs  connected  in  parallel  give  a  resultant  vector  R 
whose  unit  is  the  resultant  of  the  two  units  of  the  two  legs.  If 
the  scales  of  the  resistances  of  r^  and  r.  are  cliosen  equal,  the  result- 

5.  J.  K.  Sumec.    Zeitschr.  fiir  Elect roteclin.,  Nov.  1,  1903. 
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ant  resistance  bisects  the  an^le  between  r^  and  r,.  But  in  case  the 
given  resistances  of  the  triangle  a  i  c  are  such  that  drawn  to  the 
same  scale  they  give  a  real  triangle,  i.  e.,  are  such  that  the  sum  of 
two  sides  is  larger  than  the  third,  all  the  deductions  given  above 
may  be  read  from  Fig.  6  as  follows : — 

For  the  first  step  where  the  potential  at  C=0,  c  must  be  connected 
in  parallel  with  (a-f  &).  To  do  this  graphically  we  prolong  A  B 
by  B  C  equal  to  B  C  =  a,  bisect  the  angle  at  A  and  obtain  point  M, 
draw  M  H  parallel  to  A  C  and  obtain  the  required  resulting  resist- 
ance M  H  equal  to  A  H.  If  we  draw  M  N  parallel  to  A  2?  to  the 
point  of  intersection  N  with  B  C,  and  N  P  parallel  to  A  C,  thoa 
N  P  must  cut  the  bisector  A  M  in  the  point  0  which  is  the  center 

/ 


of  the  circle  inscribed  in  the  triangle  A  B  C.  According  to  the  con- 
struction the  angles  2V^  M  0  and  iV  0  U,  also  .¥  3/  C  and  iV  (7  It 
must  be  equal.  If  we  now  draw  Q  0,  this  line  will  bisect  the  angle 
at  C  So  we  see  that  the  parallels  to  the  sides  of  the  triangle  drawn 
through  the  center  of  the  inscribed  circle  determine  the  resistances 
of  the  legs  of  the  three-pointed  star.  In  order  to  transform  a  star 
connection  into  the  equivalent  triangle,  we  employ  the  formula 

„t    P   T 


where  the  marhed  values  represent  the  conductivities  of  the  resist- 
anceSj  or  a'  =  —  ,   a'=  —  ,  and  so  on. 


3.  Examples  of  the  Method  of  Traxsfiguratton. 
I.  Given  the  net-work  represented  in  Fig.  7  with  the  feeding 
points  I,  II,  III,  of  unequal  voltage,  and  knots  A  B  C  D  from  which 
the  currents  7^  7,  73  7o  are  taken. 
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We  discharge  or  relieve  the  knot  D  from  its  load  Jq  by  charging 

the  adjoining  knots  ABC  with  the  components 

0.00077  ^     ^         ^     0.00077 

0.385  Jo;  7b  =  Jo.   777^77^7-=  0.308  Jo; 


Ix  =  To 


0.002 
0.00077 


0.0025 


0.0025 


=    0.308  J^ 


Fig.  7. 


The  numerator  .00077  corresponds  to  the  parallelism  of  the  three 
resistances,  A  D=.Q02,  B  Z)=.0025,  C  D=.0025  ohms,  and  is, 


Fig.  8. 


therefore,  equal  to  1 


H 


.002  "*"  .0025 


+ 


1 


.0025 


.00077. 
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The  total  currents  which  are  now  acting  in  the  corners  ABC, 
Fig.  8,  may  be  denominated  7,+/^=^';  I2+I^=I" ;  /3-f 
1=1'".  The  star  (.002,  .0025,  .0025)  ^Fig.  7,  is  now  replaced  by 
the  equivalent  triangle  (.00G5,  .0065,  and  .0081)  shown  in  heavy 
lines  in  Fig.  8  by  calculating  its  sides 

1  1  1 


.0065  = 


.002 


+ 


0025  "*"  .0025 


.002  + 


1 


,  &G. 


.0025 


We  now  have  two  parallel  branches  (.0065,  .003),  (.0081,  .003), 
(.0065,  .004)  between  each  pair  A  B,B  C,  and  A  C  of  knots,  and 
can  replace  them  by  their  equivalents  (.002,  .0022,  .0025)  shown  in 
Fig.  8  in  dot  and  dash,  which  newly  formed  triangle  may  be  trans- 


FiG.  9. 


figured  into  the  equivalent  star  shown  in  Fig.  9.  If  we  now  throw 
the  load  7'  on  knot  7  and  P,  the  load  I"  on  knots  77  and  P,  and  7"' 
on  777  and  P,  we  obtain  the  following  six  components. 


It'  =  r 

T  I  T' 

±11    X 

T     '  T'l' 


.0007 


.005  .+  .0007 
.0008 


=  .1237';  Jp'=.7'— .1237' =.8771' 


007+.U0U8 
.0006 


=  .1027"  ;  7p"  =7"— .1021"  =  .8987" 
=  .097"';  I/"  =  7"'  — .OaZ"'  =  .917"'. 


"^  '       .006 +  .0006 

Hence  7    equals  .877  7'  plus  .898  I"  plus  .91  7'". 
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If  now  the  potentials  at  the  feeding  points  7^  II,  III  are  equal, 
we  may  let  them  coincide  and  obtain  as  a  resultant  the  connection 
in  parallel  of  (.005+.0007) ;  (.007+.0008) ;  (.006+.0006)  which 
resultant  of  the  whole  net-work  is  equivalent  to  .0022  and  gives  for 
the  current  flowing  in  the  conductor  Zp^  Up,  lU^,  re- 
spectively, the  values 

ip  1^2  .0^  ^002_2  _   33 

.0057  .0078  .UUtJtJ  ""' 

Therefore,  the  currents  flowing  in  the  conductors  I ^,  11^  and 
III^  are 

(.377p-f -123/') ;  (.297p+.1022") ;  (.337p+.097"'), 
and  if  now  Ave  substitute  the  values 

7'=7^+.3857o;  7"  =72+.3087o;  7'"  =73+.3087o 
and 

7p  =  .8777i+.89872-f  .91073+.8937o 
we  obtain  as  expression  for  the  currents  desired  the  following  equa- 
tions as  functions  of  the  variable  loads  1^  I^  I3  Iq 

Jj^  =(.M77i+.3307,+.33773+.3377o) 
JjiB  =(.2547j+.3597,+.26473+.2907o) 

Of  course  we  could  replace  the  calculation,  taking  all  the 
phenomena  at  once  by  a  superposition  of  four  eingle  actions  for 
each  of  the  currents,  as  may  be  seen  from  the  linear  form  of  the 
equations.* 

Should  the  potentials  of  the  feeding  points  7,  77,  777  be  unequal, 
it  would  be  necessary  to  make  another  transfiguration  of  the  star, 
Fig.  9,  into  a  triangle.  It  may  be  pointed  out  that  all  questions  as 
to  the  influence  of  variable  loads  caused  by  the  extinguishing  of 
lamps,  the  starting  and  stopping  of  motors,  and  the  local  displace- 
ment of  the  tapping  point  of  a  constant  or  variable  load  as  caused 
for  instance,  by  street-car  motors,  may  be  discussed  completely, 
as  the  currents  in  the  conductors  are  proved  to  be  linear  expressions 
of  the  load.  If  we  go  sg  far  as  to  express  the  voltage  of  each  knot 
as  a  function  of  the  loads,  we  shall  also  obtain  them  as  linear  func- 
tions of  the  current  consumed,  as  could  be  expected  from  the 
principle  of  superposition. 

A  net-work  with  four  meshes  and  six  knots  is  represented  in  77, 
Fig.  10.    If  we  transfigure  the  triangle,  777  V  VI  into  the  equiva- 

6.  Herzog-Feldmann.     Electrotechn.  Zcitschr.,  1903,  No.    'J,  p.  172. 
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lent  star,  C  III  V  VI,  we  obtain  tlio  net-work  shown  in  Fig.  11, 
which  contains  only  three  meshes.    The  resistances  of  the  star  are 

rj-T  ^              .02  -f  .03 
III  C  =  -T-^ — =^— =  .01  ohms; 


vc 


.01  +  .02   +  .03 
.01  +  .02 


VI  c  = 


01  +  .0:^   +   ,03 
.01  +  .03 


=  .0033  ohmsj 
=  .005  ohms. 


,01  +  .02   +  .03 

If  we  now  replace  the  consumer  in  7,  taking  10  amperes,  by  the 
two  component  currents  at  the  knots  C  and  IV,  we  shall  obtain 
for  the  first  component 

^2 
^^-  .02  +  . 0033  =  ^-^^   amperes, 
and  for  the  second,  10 — 8.58  =  1.42  amperes. 

25 


^30 


We  shall,  therefore,  have  a  current  of  15-|-1.42  =  16.42  amperes 
tapped  from  the  knot  IV.     After  having  relieved  knot  V  of  its 
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load,  we  may  regard  IV,  V  and  "T  C  as  connected  in  series  so  that 
the  quadrilateral  III,  IV,  V  C  takes  the  shai)e  of  a  triangle,  and 


Fig.  12. 


SS.i 


we  can  now  replace  the  triangle  HI,  IV,  €  (Fig.  12)  by  its  equiva- 
lent star  P  III;  IV  C,  whose  legs  have  the  resistances 

.0H-.02 


III  P^ 


IV  F  = 


C  P^ 


.0H-.U2  +  .t233 

.02  +  . 0233 

.01+. 02  +  . 0233 

.01 +.0233 


=  .0037  ohms 


=  .0087  ohms 


=  .0043  ohms. 


.01+.02  +  .0233 

After  this  step,  the  net  only  consists  of  two  meshes.  If  we  now 
carry  the  current  at  III,  VI,  and  C  to  the  knots  II  and  P,  we  may 
connect  the  resistances  II,  III  and  777  P,  or  77,  VI,  VI  C  and 
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C  P  in  scries,  obtaining  the  two  parallel  branches  shown  in  dotted 

lines  in  Fig.  13,  and  having  a  resultant  resistance 
(.02  +  .0037)    (.01  +  -005  +  .0043) 
.02  +  . 0037  +  .01  rl-  .006  +  .0043  ^  '^^^^  °^™^' 

shown  by  the  full  line  in  Fig.  13.     The  currents  at  II  and  P  may 

be  calculated  from 

.0037  .0043 +  .005  .0043 

25  +  20.——-—  +  30.— -———-—  +  8.58 


.02  +  .0037  .004b  +  .005  +  .()l  ^  .0043  +  .005  +  .01 

25+3.12+14.45+1.91  =  44.48  amperes, 

and  0+(20—3.12)  +  (30—14.45)  +  (8.58— 1.91)  =39.1   amperes 

respectively. 

Now  the  whole  net-work  consists  of  but  one  mesh  and  we  may  find 

the  currents  in  I  and  II  and  7,  77  as  the  sum  of  the  respective 

component  currents.     Therefore 

^  .01+.0087  +  .0106  .01 +.0087 

ijjj=  44.48  ^,_^  „,,,^  ,    ^,^,  ,    „,  +  39.1 


.O1+.O087  +  .0106  +  .01    '  .01  +  .00«7  +  .0106  +  .01 

+  '^-^^  :oi  +  .oo87  +  .0106  +  .01  =  ^^-^^  +  l^-^^  +  ^-^^-^^'^«^"^P- 
and  Ij^=  (44.48— 33.14) +  (39.1  — 18.57)  +  (16.42—4.17)  = 
44.12  amp. 

Instead  of  using  this  method  we  could  have  used  others,  which 
we  developed  years  ago. 

If  we  now  assume  a  value  for  the  potential  at  one  of  the  knots, 
we  will  be  able  to  find  others.  Take  for  instance  Fi=  0.  Then 
the  potential  of  V^  and  V^  will  be 

72=- 55.58X.01=— 0.55  volts 
74= -^4.12 X. 01= —0.44  volts. 

Having  thus  found  the  current  and  voltage  distribution  of  the 
net-work  in  Fig.  13,  we  return  to  the  net- work  in  Fig.  12.  The 
resistance  77^  P  was  produced  by  paralleling  two  resistances,  each 
of  which  takes  an  amount  of  the  total  current,  11.4  amperes,  in- 
versely proportional  to  its  resistance.  Therefore,  the  current  in 
77,  77,  C  P  will  be 

.O2  +  .0037 
^^•*   (.02  +  .0037)  +  (.'.i+.005  +  .004H)  =6.28  amperes, 

and  the  current  in  77,  777,  P  is  equal  to  11.4 — 6.28  =  5.12  am- 
peres. The  current  flowing  in  77,  77  is  the  sum  of  this  conductor 
current  and  the  respective  component  currents  that  have  been  pre- 
viously found,  namely,  6.28+14.45+1.91  =  22.64  amperes. 
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As  only  30  amperes  are  tapped  from  VI,  30  —  2'2,Gi  =  T.36  am- 
peres must  arrive  from  €,  and  the  current  in  the  conductor  P  C 
must;,  therefore,  be  8.58-]- 7.36  =  lo.T'-i  amperes.  The  conductor  cur- 
rent of  II  III  C  (Fig.  12)  is  11.4—6.28  =  5.12  amperes,  and,  there- 
fore, the  current  in  II,  III  is  the  sum  of  this  conductor  current  and 
that  component,  3.12  amperes,  of  the  current  of  20  amperes  which 
belongs  to  knot  II,  making  the  total  current  in  II,  III  equal  to 
8.24  amperes.  As  20  amperes  are  tapped  at  II,  11.76  amperes 
must  arrive  from  P  and  11.76+15.94  =  44.12—16.42  =  27.7  am- 
peres must  arrive  at  P  from  IV.  The  voltages  at  the  knots  III 
and  VI  may  be  found  as  follows : 

Fg  =  7,  —  8-24  X  .02  =  —  0.55  —  0.1 6  =  —  0.71  volts 
Fg  =  F,  —  22.64  X  .01  =  —  0.55  —  0.23  =  —  0.78  volts. 

We  have  now  found  the  current  distribution  in  the  star  P  III, 
IV  C  and  can  now  determine  the  current  distribution  for  the 
equivalent  triangle  III,  IV,  C,  the  current  in  IV,  III  being 
(27.7X.0087+11.76X.0037)-^.02  =  14.22  amperes. 

The  conductor  III  C  will  be  passed  by  the  current  14.22+8.24 — 
20  =  2.46  and  the  conductor  IV,  C  by  the  current  44.12 — (14.22+ 
16.42)  =  13.48  amperes. 

"We  have  now  found  the  current  distribution  of  Fig.  12  com- 
pletely and  can  return  to  the  net-work  in  Fig.  11. 

The  current  flowing  in  the  conductor  IV,  V  is  the  sum  of  the 
conductor  current  13.48  and  the  respective  component  belonging  to 
II  1.42  amperes  of  the  10  amperes  which  have  been  shifted  from 
V  on  the  adjoining  knots.  The  voltage  of  knot  V  will  be  Vs= 
7^— 14.9 X. 02  =—0.44— 0.3  =—0.77  volts. 

Having  thus  found  the  current  and  voltage  distribution  for  the 
star,  C  III;  V,  VI,  we  try  to  find  that  of  the  equivalent  triangle 
III,  V,  VI.  The  current  in  V,  VI  is  (4.9X. 0033+7.36 X-OOo)^ 
.01=  5.3  amperes.  Hence  the  current  in  III,  VI  is  30— (22.64+ 
5.3)=  2.06  amperes  and  finally  the  current  in  III,  V  is  (10+5.3) 
—14.9  =  (8.24+14.22)— 2.06+20)=  .4  amperes. 

The  current  and  voltage  distribution  which  we  have  found  in 
this  way  has  been  added  to  Fig.  10.  It  has  been  found  without 
solving  any  equation  and  exclusively  by  applying  the  method  of 
transformation.  The  manner  in  which  we  proceeded  was  a  recur- 
rent one;  we  first  simplified  the  complicated  case  by  steps  and 
finally  returned  to  the  original  case. 
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4.  Transfiguration  of  Quadrilaterals. 

We  have  so  far  taken  only  ohniic  resistances  into  consideration. 
But  the  conclusions  obtained  and  the  manner  of  obtaining  them 
remain  unaltered  for  inductive  resistances,  if  we  regard  them  as 
directed  or  complex  quantities,  and  interpret  the  operation  of  add- 
ing, substracting,  etc.,  in  this  enlarged  sense.  So  for  instance,  the 
law  of  superposition  will  be  unaltered  if  we  understand  the  super- 
jDOsition  in  the  same  way  as  it  is  understood  for  two  forces  in  me- 
chanics. It  is  to  the  credit  of  Mr.  Charles  P.  Steinmetz  of  having 
opened  this  new  field  in  practical  electrotechnics. 

According  to  the  preceding,  the  laws  of  transfiguration  are  a]i- 
plicable  even  to  negative  resistances  (for  instance,  a  counter  e.m.f 
divided  by  the  current),  as  may  be  seen  from  Fig.  5,  where  the 
bisector  would  bisect  the  supplementary  angle  between  r^  and  n. 

Having  stated  this  we  may  proceed  to  transfigure  the  simple 
quadrilateral  by  adding  a  diagonal  which  brings  this  case  back  to 


Fig.  14. 


the  transfiguration  of  triangles.    Fig.  14  represents  a  quadrilateral 
with  the  voltages  A  B'C  D  and  the  resistances  a  h  c  d.    The  aO(V 
tional  diagonal  S  0  of  infinite  resistance  may  be  replaced  by  two 
parallel  resistances  of  -\-x  and  — x  as 


^  X  {—  x)' 


We  have  now  split  the  quadrilateral  into  the  two  triangles  a  h 
{-\-x)  and  c  d  ( — x)  which  we  can  transfigure  into  the  stars 
0  A  B  C  and  O^B  C  D  shown  in  heavy  lines  in  Fig.  14.    The  volt- 
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ages  of  0  and  O^  are,  liovvever,  functions  of  the  resistance  and  may 
be  expressed  by 

x-^  b-{-  a  {—  X)  +  d  -jr  c 

If  we  were  now  allowed  to  assume  the  voltages  at  0  and  0^  as 
equal,  those  points  would  coincide  and  we  would  obtain  the  desired 
star.  But  at  the  same  time  we  should  find  a  certain  value  of  x  as 
a  function  of  the  potentials  at  the  corners,  which  is  not  permissible 
in  the  assumed  general  case  of  unlimited  transfiguration.  This  gen- 
eral transfiguration  is,  therefore,  impossible. 

5.  Method  of  Splitting  the  Net-works. 

In  most  of  the  practical  cases  the  net-works  may  be  split  up  into 
such  parts  or  sections  as  by  themselves  can  be  completely  treated  by 
the  method  of  transfiguration.  But  in  order  to  obtain  the  final  cur- 
rent or  voltage  distribution  of  the  whole  net-work  a  special  research 
for  the  inter-connection  of  the  sections  is  required. 

A  special  example  may  serve  as  an  introduction  into  this  new 


.^^^I 


Fig.  15. 

trend  of  thought.  Fig.  15  represents  a  quadrilateral  G  K  H  F  whose 
corners  are  fed  from  four  points,  A  B  C  D,  with  the  voltages 
^1  ^2  ^3  ^i'  If  ^ow  we  shift  the  loads  from  the  knots  G  H  and 
transfigure  the  stars  around  F  and  K  into  the  equivalent  triangles 
as  shown  by  the  dotted  lines  in  Fig.  15,  we  obtain  the  net-work  in 
Fig.  16,  which  can  be  treated  easily  by  cutting  the  connecting  con- 
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ductor/?x  between  G  and  H^  and  by  adding  an  unknown  substitu- 
tional current  (Ersatzstrom),+Z  and  — I^  for  each  of  the  stars 
F  and  K.    The  voltages  at  G  and  H  are 

l^X  =    «I    +    *i4    «««?     ""^S  =   «U-   ^11     ^x     , 

Their  difference  is,  therefore, 

(«i-«ii)  +  (Pi  +  ^i)  ^=^x  .  Px      » 

from  which  it  is  easy  to  calculate  the  unknown  current  7^.  In  thii 
same  manner  of  reasoning,  more  complicated  cases  can  be  treated. 


A-fyVi 


Fig.  17. 

Fig,  17  represents  a  net-work  consisting -of  the  section?  T  and  J I 
inter-connected  by  two  conductors  with  resistances  p^  and  p^.  If 
we  cut  these  conductors,  we  must  take  as  substitution  for  section 
I,  the  currents  I^  and  /  ,  and  for  section  //,  the  currents  — 7^ 
and  7y.  As  the  voltages  at  the  knots  are  linear  functions  of  these 
Vol.  11  —  45 
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loads  at  tho  knot's,  we  may  rej)resont  tlie  voltages  in  the  four  intei- 
connecting  knots  In' 

Vi=A\I^+Ji,Iy     -\-      C,U  I 

Fy'  =    li^'Ix    +    ^J     /y    +     C73M 

V-=  A,-  i-I^)  +  iJl'  (-7y)+  C,"  )  II 

where  the  constants  A,  B,  C  are  functions  of  the  resistances  of  tho 
net-work.  For  instance,  A.^  would  he  numerically  equal  to  the 
voltage  in  knot  X^,  if  all  other  knots  in  section  I  including  Y^  were 
unloaded  and  I^  were  equal  to  unity.  So  in  the  same  way  B^  would 
be  the  voltage  in  tlie  knot  Y^,  if  unit  current  were  taken  from  there, 
all  other  knots  being  unloaded.  From  equations  /  and  //  there 
follows 

J'.P.=  {A\+Af)  I,  +  {B,  +  i?i")  I,  +  (CY-  <  f) 
.        Jy  p^  =  (i?,'  +  li,-)  I,  +  {Al  +  A-)  /y  +  ( 61  -  6'.f ) 

{p.  -  ^if  -  '^f)4  -  (^1'  +  -^f)  ^y  =  Ci'  -  cr I      M 

and  from  the  main  linear  equations  M  we  may  calculate  I  and  /j. 
the  coeliicients  being  symmetrical  to  the  diagonal.  If  there  arc- 
more  than  two  connections,  the  number  of  equations  rises  corre- 
spondingly. If  some  of  these  resistances  are  zero,  this  means  thaf 
the  sections  are  connected  directly  by  these  knots,  or  to  put  it  morc 
elearly,  the  splitting  of  the  net-work  in  sections  has  been  carried  out 
by  splitting  multiple-knots.  This  new  method  even  remains  un- 
altered in  its  essential  parts  if  instead  of  simple  connectors,  whole 
I)arts  of  net-works  or  sections  are  interspersed. 

There  are  two  opposite  ways  of  explaining  the  constitution  of  u 
net-work.  The  first  starts  with  the  knots  and  regards  the  con- 
ductors only  as  connectors  of  the  knots,  which  are  either  feeding 
points  and  thus  provided  with  known  potential,  or  arc  free  knots  on 
which  the  potential  is  impressed  by  the  current  circulating.  The 
second  starts  with  the  assumption  of  individual  meshes  in  which 
currents  circulate.  By  joining  these  meshes,  the  knots  with  their 
potentials  are  formed.  To  these  two  ways  of  constituting  a  net- 
work, correspond  the  analytical  methods  of  findiug  the  current  or 
the  potential  distribution.  The  first  method  seeks  to  find  imme- 
diately the  current  in  the  conductors;  the  second,  the  voltage  in 
the  knots.''     The  sokition  of  the  linear  equations  thereby  obtained 

7.  Her/.of^-Feldmann.  "  Die  Berechnung  Elektrischer  Leitunganetze," 
II.  Aullage,  p.  1U2. 
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leads  to  dcteniiiiiantSj  and  as  far  back  as  1847  Kirchholl'  tried  to 
simplify  it.**  Lately  Prof.  Feussiier"  has  continued  this  work  with 
success,  and  others  have  followed  him.  Our  method  of  transfigura- 
tion here  evolved  corresponds  to  a  physical  way  of  eliminating  un- 
knowns from  incomplete  linear  equations.  If  we  transfigure  a 
triangle  into  a  star,  we  open  a  mesh ;  if  we  transform  a  star  into  a 
triangle,  we  eliminate  a  knot  and,  therefore,  its  unknown  voltage. 
Thus  the  method  of  transfiguration  corresponds  to  both  the  method.s 
of  finding  either  the  current  distribution  or  the  voltage  distribution. 
On  account  of  its  simplicity,  the  transfiguration  will  certainly  be 
employed  to  simplify  given  net-works  in  order  to  find  their  current 
and  voltage  distribution.  As  practical  net-works  will  always  con- 
tain only  an  incomplete  net-work  of  connectors  betvreen  their  knots, 
the  transfiguration  together  with  the  novel  principle  of  splitting  up 
net-works  will  in  many  cases  be  sufficient  for  a  complete  solution 
of  the  problem  in  question.  "We,  therefore,  hope  that  the  method 
of  transfiguration  which  we  have  explained  here  in  a  s}Tithetical 
way,  and  which  has  been  created  by  an  ingenious  tTieorem  of  Ken- 
nelly,  will  find  recognition  and  further  adherents  in  practice. 

Discussion. 
Chairman  Lieb:  This  paper  recalls  some  early  work.  At  the  time  the 
network  supplied  by  the  historic  Edison  station  in  Pearl  street  was  pro- 
jected, a  model  was  made  to  scale  of  the  district  which  it  was  proposed  to 
cover.  A  distribution  to  customers  was  represented  by  resistance  spools 
which  were  located  on  the  map  corresponding  to  the  customers'  locations, 
the  winding  of  the  spools  corresponding  to  the  connected  installation.  A 
careful  study  was  made  by  Prof.  Claudius  of  this  model  in  1881,  to  locate 
the  proper  points  at  which  feeders  should  be  connected  to  maintain  a  uni- 
form distribution  of  potential.  The  feeders  were  all  laid  in  accordance  with 
this  experimental  determination,  but  as  they  were  two-wire  feeders  they 
have  long  since  been  replaced.  In  electricity  supply  undertakings,  in  which 
the  area  covered  by  the  low-tension  supply  mains  is  not  too  large,  and  where 
the  demands  for  service  are  rapidly  increasing,  it  is  becoming  the  practice 
to  install  two  or  three  sizes  of  mains,  and  use  these  sizes  throughout  — 
the  heavier  mains  in  the  heavily  loaded  districts,  and  the  small  sizes 
in  the  residential  districts.  One  or  at  most  two  sizes  of  feeder  are 
adopted,  and  feeders  are  added  to  the  district  at  the  proper  feeding 
point  to  secure  uniform  distribution  of  potential  as  the  business  grows. 
In  other  words,  instead  of  making  a  careful  theoretical  or  experrmental 
determination  of  the  supply  area,  it  becomes   a  question  of  the  invest- 

8.  KirchhoflT.  Poggendorffs  Annalen,  72,   1847. 

9.  W.  Feussner.  "  Ueber  Stromverzweigungen  in  Netzfonnigen  Leitem," 
Annalen  der  Physik,  1902,  No.  13. 
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ment  which  the  undertaking  can  stand  in  anticipation  of  the  growth  of 
the  demand,  with  the  addition  of  new  feeding  points  as  the  load  increases. 

Col.  R.  E.  B.  Crompton:  I  can  strongly  corroborate  your  Chair- 
man's remarks.  In  the  year  1882  when  Mr.  Gisbert  Kapp  and  myself 
were  designing  the  first  underground  network  in  one  of  the  southern 
districts  of  London  we  made  just  such  a  working  scale  model  of  the  dis- 
trict, but  we  found  that  the  question  of  who  would  first  take  the  supply 
in  the  very  early  days  of  the  industry  wais  such  an  uncertain  factor  that  our 
model  was  of  practically  no  use.  Although  I  do  not  undervalue  the  work 
put  into  this  paper  by  the  authors,  I  doubt  very  much  if  it  has  any  practi- 
cal value  in  the  calculation  of  the  network  of  large  cities.  We  find  it 
most  convenient  to  put  down  a  substantial  network  in  the  first  place  and 
provide  for  increa„sed  density  of  demand  by  adding  to  the  number  of 
feeders  as  the  demand  increases.  Alterations  in  the  network  are  very 
troublesome  after  consumers  are  once  connected  to  it,  whereas  feeders 
can  be  added  without  any  such  interference. 

Db.  a.  E.  Rennellt:  The  paper  before  us  is  a  valuable  contribution 
to  electroteehnical  literature,  in  the  direction  of  simplifying  the  work  of 
•computing  conducting  networks.  It  is  true  that  in  the  practical  layout 
of  distributing  mains  and  feeders,  it  is  not  worth  while  attempting  to  com- 
pute the  distribution.  The  load  conditions  change  so  rapidly  in  any  given 
district  that  a  computation  for  one  year  would  become  useless  the  next. 
Nevertheless  the  problem  of  computing  the  current  distribution  in  a  net- 
work without  excessive  labor  is  an  important  one ;  because  occasionally  the 
commercial  need  of  it  will  arise,  and  moreover,  as  part  of  the  complete 
machinery  of  electric  power  distribution,  the  engineer  should  be  in  pos- 
session of  means  for  checking  and  comparing  practice  with  theory. 

The  key  to  the  treatment  of  the  subject  by  the  authors  is  the  separation 
of  the  load  currents  from  the  no-load  currents.  They  first  consider  the 
currents  that  would  flow  through  any  knot  of  the  system  by  reason  of 
differences  in  the  pressure  at  the  feeding  points,  and  with  all  loads  as- 
sumed removed.  Then  they  superpose  upon  this  no-load  current  system 
the  currents  flowing  from  the  feeding  points  to  the  branches  of  the  knot 
for  the  supply  of  the  loads,  and  with  the  pressure  at  feeding  points  as- 
sumed uniform. 

It  may  be  merely  a  matter  of  opinion;  but  the  formulae  seem  to  be 
simplified  if  conductances  are  substituted  for  resistances  of  the  conductors. 
Thus  the  formula  on  page   (691)   becomes 

Ii  =  I~  +  Fi  c,  —  -^  (i'  F„  Cn  )  amperes. 

1 

^^'he^e     On== — -      is  the  conductance  of  a  conductor   in   mnos,    and  C  is 
rn 

the  sum  of  the  conductances  meeting  at  the  knot-point.  The  first  riglit- 
hand  term  expresses  the  load  current,  and  the  two  remaining  right-hand 
terms  together  express  the  no-load  current  through  the  feeding  point  No.  1. 
Another  point  of  great  interest  in  the  paper  is  the  virtual  solution  of 
a  mathematical  problem  by  a  physical  substitution.    There  are  a  number  of 


PELDMA^^N  AND  IlEUZOQ:     CONDUCTING  NETWORKS.     709 

such  instances  known;  as.  for  example,  the  solution  of  a  purely  mathemati- 
cal problem  —  a  moment  of  inertia,  by  determining  the  jjcriod  of  oscillation 
of  a  uniformly  dense  body  possessing  a  dolinite  corresponding  form.  Tlie 
experimental  solution  of  the  mechanical  problem  determines  the  result 
corresponding  to  the  solution  of  the  mathematical  problem.  In  the  case 
referred  to  in  the  paper  under  the  title  "  Transformation  of  quadrilaterals," 
it  is  shown  that  the  solution  of  a  certain  system  of  simultaneous  equations 
can  be  greatly  simplified  by  substituting  stars  for  triangles,  or  vice-versa. 
Tliis  leads  to  a  method  having  great  simplicity  and  power. 

The  authors  are  to  be  congratulated  upon  the  success  of  the  methods 
they  employ  in  dealing  with  the  computation  of  networks  from  an  engineer- 
ing standpoint. 

Mr.  Petek  JrNKERSEELD:  I  do  not  know  that  anything  I  could  add 
would  be  of  interest,  as  I  agree  with  what  Col.  Crompton  and  others  linve 
said  as  to  the  calculation  of  networks.  In  Chicago  it  is  largely  a  question 
of  investment  and  anticipating  future  demand,  and  of  putting  down  two 
standard  sizes  of  mains.  As  the  business  grows  and  mains  become  over- 
loaded, additional  feeding  points  are  inserted  to  increase  the  network  — 
and  as  the  feeders  become  overloaded  and  we  eventually  need  more  feeder 
capacity  than  can  be  handled  economically  we  install  additional  sub-sta- 
tions. The  thing  to  keep  in  mind  is  to  add  feeders  to  strengthen  the  mains, 
and  to  add  sub-stations  to  strengthen  the  feeders. 

Chairman  Lies:  We  will  now  consider  the  discussion  closed.  We  will 
call  on  Dr.  Steinmetz  to  read  his  paper  on  "  The  Electric  Arc." 


THE  ELE(  TKIC  ARC. 


BY  CHARLES  PR<m:iS  STRIKMETZ. 


I. 

While  the  electric  arc  represents  one  of  the  most  important  appli- 
cations of  electric  power,  relatively  little  theoretical  research  has 
been  made  of  this  phenomenon  from  an  engineering  point  of  view, 
but  the  work  of  the  last  years  has  either  been  of  a  more  physical  or 
rather  metaphysical  nature:  on  the  electric  discharges  in  gases,  the 
electron  theory,  etc.,  or  restricted  to  the  carbon  arc.  Though  the 
carbon  arc  constitl^tes  by  far  the  most  important  application,  the 
carbon  arc  is  not  a  typical  electric  arc,  but  carbon  takes  an  excep- 
tional position,  acting  as  arc  electrode  different  from  almost  all 
other  substances.  For  instance,  carbon  is  the  only,  or  at  least  one 
of  the  very  few  substances  which  can  maintain  a  steady  alternating 
arc  at  relatively  low  voltage.  This  is  probahly  one  of  the  reasons 
why  carbon  has  been  used  exclusively  as  arc  electrode. 

A  typical  arc,  that  is,  an  arc  representing  the  character  of  the  arc 
discharge  between  by  far  the  largest  majority  of  substances,  is,  for 
instance,  the  arc  between  iron  and  copper,  or  between  their  con- 
ducting oxides,  and  a  typical  vacuum  arc  is  the  mercury  arc. 

In  the  following  I  intend  therefore  to  give  a  short  review  of  the 
results  of  investigations  on  the  phenomena  of  the  electric  arc  made 
during  the  last  years  in  the  electrochemical  research  laboratory  of 
the  General  Electric  Company,  for  which  work  I  am  largely  in- 
debted to  Dr.  Whitney  and  Dr.  Weintraub.  A  more  complete  pub- 
lication of  the  records  of  these  investigations  must  be  postponed  for 
a  later  occasion. 

•  II. 

If  two  conductors  in  contact  with  each  other  are  included  in  an 
electric  circuit  traversed  by  a  direct  current,  and  these  conductors 
gradually  withdrawn  from  each  other,  the  current  continues  to  pass 
through  the  gap  between  the  conductors  as  a  luminous  discharge.  In 
this  case  the  current  does  not  pass  through  the  medium  surround- 
ing the  conductors,  by  a  disruption  of  tliis  medium,  as  is  the  case 

[710] 
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vrith  the  electrostatic  spark,  but  the  current  is  carried  across  the 
gap  by  a  bridge  of  conducting  vapors  of  the  electrodes,  established 
and  maintained  between  the  electrodes,  and  an  inteiTuption  of  this 
vapor  stream  stops  the  flow  of  the  current. 

At  the  ends  of  the  two  electrodes  or  terminals  heat  is  produced, 
especially  at  the  positive  terminal.  The  arc  stream  has  an  appear- 
ance very  similar  to  a  blast  flame  issuing  from  a  point  or  small 
space  of  the  negative  terminal  or  cathode  towards  the  positive  ter- 
minal or  anode,  and  surrounding  the  latter  in  a  diffused  glow.  The 
arc  consists  of  a  relatively  narrow  inner  core,  frequently  of  intense 
brilliancy,  which  seems  to  be  the  real  path  of  the  current,  and  a 
mantle  or  shell  surrounding  the  core,  of  lesser  intensity  and  duller 
color,  and  of  a  thiclvness  increasing  towards  the  anode,  like  a  pen- 
umbra. Where  the  cathode  is  liquid,  as  in  the  mercury  arc,  or 
sufficiently  fusible  so  that  a  liquid  pool  forms  on  it,  the  negative 
point  runs  around  on  the  surface  of  this  pool  with  great  rapidity 
and  in  an  erratic  manner.  If,  however,  pieces  of  solid  conducting 
material,  wetted  by  the  cathode  material,  float  on  the  cathode  pool, 
the  negative  point  centers  on  one  of  tliese  projections,  becomes 
stationary  and  the  arc  steady. 

III. 

In  general,  the  spectrum  of  the  arc  is  that  of  the  cathode  ma- 
terial, and  the  material  of  the  anode  does  not  affect  the  arc  stream. 
Changing  the  anode  does  not  change  the  character  and  appearance 
of  the  arc  stream,  but  with  a  change  of  the  cathode  the  spectrum 
and  so  the  whole  character  of  the  arc  flame  changes.  For  instance, 
with  magnetite  (Fcg  O4)  and  copper  electrodes,  by  making  the  mag- 
netite negative  or  cathode,  the  arc  flame  is  of  intense  brilliancy 
:ind  whiteness,  showing  the.iron  spectrum;  but  making  the  copper 
cathode,  the  arc  changes  to  the  green  and  less  brilliant  copper  arc, 
although  now  the  magnetite  becomes  very  much  hotter  than  when 
used  as  negative,  and  rapidly  melts  down.  The  spectrum  of  the 
anode  material  appears  in  the  arc  flame  only  if  the  anode  is  more 
volatile  than  the  cathode,  and  the  size  of  the  anode  is  so  small  that 
its  surface  is  heated  by  the  surrounding  arc  flame  to  a  high  tem- 
perature, but  it  disappears  by  cooling  the  anode,  as  by  making  it 
of  sufficiently  large  size  and  high  heat  conductivity.  The  cathode 
spectrum  of  the  arc  stream,  however,  does  not  disappear  by  cooling 
the  cathode.  Where  the  anode  is  composite,  containing  some  more 
volatile  material,  only  the  spectrum  of  the  volatile  constituent  may 
appear. 
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Where  the  anode  material  appears  in  the  arc  flame,  it  first  shows 
at  the  surface  of  the  anode,  gradually  spreading  from  there  with 
increasing  anode  temperature,  but  generally  does  not  stream 
towards  the  cathode,  as  the  cathode  flame  does  toward  the  anode, 
but  is  deflected  sidewise  by  the  blast  from  the  cathode.  This  is 
especially  marked  when  a  drop  of  material  of  lower  heat  conductiv- 
it}^,  as  magnetite,  sticks  to  an  anode  of  high  heat  conductivity,  as 
copper.  This  drop  of  magnetite  then  gets  very  much  hotter  and 
the  arc  centers  on  it.  This  results  in  the  appearance  of  a  *'  positive 
blast  ^'  similar  to  the  negative  blast  or  the  arc  flame,  but  differing 
essentially  from  it  in  that  it  curves  away  from  the  cathode  and  its 
base  is  fixed,  while  the  "  cathode  blast "  points  toward  the  anode 
and  its  base  usually  is  in  rapid  motion. 

It  therefore  seems  that  the  vapor  bridge,  which  carries  the  cur- 
rent from  electrode  to  electrode,  is  supplied  exclusively  from  the 
cathode,  that  the  cathode  material  is  carried  into  the  arc  fiame  by 
the  electric  current,  but  that  the  anode  material  enters  the  arc 
flame  only  indirectly  by  evaporation,  if  the  anode  is  sufficiently 
hot. 

If  the  anode  is  kept  sufficiently  cool  no  consumption  whatever  of 
the  anode  takes  place,  but  the  cathode  material  condenses  on  the 
surface  of  the  anode.  By  reducing  the  size  of  the  anode,  but  so 
that  its  temperature  is  still  below  that  where  evaporation  takes 
place,  the  condensation  of  the  cathode  material  on  the  anode  can 
be  stopped, .and  in  this  case  the  anode  (if  it  consists  of  a  material, 
as  silver,  which  is  not  attacked  by  the  air  while  red  hot), does  not 
change  at  all. 

The  cathode,  however,  always  consumes,  at  a  greater  or  less 
degree,  in  feeding  the  arc  flame.  The  amount  of  material  evapor- 
ated from  the  cathode  is  as  a  rule  very  many  times  greater  than  the 
amount  of  vapor  required  to  carry  the  current.  It  can,  by  restrict- 
ing evaporation  from  the  cathode,  by  cooling  or  other  means,  be 
reduced  to  a  very  small  fraction  of  its  former  value,  without  cor- 
responding decrease  of  the  brilliancy  and  so  luminous  efficiency  of 
the  arc  flame,  or  considerable  change  of  the  voltage  consumed  by 
the  arc,  so  that  it  seems  that  by  far  the  greater  amount  of  vapor 
produced  by  the  current  from  the  cathode  does  not  participate  in 
the  conduction  of  the  current.  Only  by  extreme  restriction  of 
evaporation  from  the  cathode,  a  decrease  of  the  brilliancy  of  the 
arc  flame  is  produced,  but  even  then  the  voltage  consumed  by  the 
arc  docs  not  noticeably  change,  or  only  slightly  rises. 
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The  amount  of  material  carried  by  the  current  from  the  cathode 
is  extremely  small  compared  with  the  amount  of  material  which  the 
same  current  would  carry  through  an  electrolyte  by  Faraday's  law. 

The  arc  stream  issues  from  the  negative  point  on  the  cathode  as 
a  high-velocity  blast,  apparently  of  very  high  velocity-energy,  as 
can  best  be  observed  on  the  mercury  arc  in  vacuo.  In  the  mer- 
cury arc,  at  a  vacuum  so  low  that  the  mercury  gauge  does  not  show 
it  any  more  (estimated  as  of  a  magnitude  of  1/100,000  atmos- 
phere), solid  pieces  of  considerable  size,  as  pieces  of  glass  of  a 
couple  of  millimeters  diameter,  when  caught  by  the  cathode  blast, 
are  thrown  "upward  and  kept  in  suspension,  dancing  on  the  arc 
blast. 

In  arcs  in  which  the  cathode  is  liquid  or  sufficiently  fusible  to 
fonn  a  liquid  pool,  the  negative  spot  rapidly  runs  over  the 
liquid  surface  and  presses  itself  into  the  surface,  that  is,  the 
arc  starts  from  the  bottom  of  a  depression,  which  in  the 
m-ercury  arc  is  one-eighth  inch  or  more  deep.  This  de])res- 
sion  appears  to  me  the  necessary  counterpart  of  the  negative 
blast,  that  is,  the  recoil  of  the  negative  blast.  Since,  however,  the 
arc  tends  to  go  from  the  highest  point  of  the  cathode,  it  climbs  up 
the  sides  of  the  depression,  but  in  doing  so  depresses  its  base  again 
and  so  shifts  the  depression.  This  appears  to  me  the  cause  of  the 
rapid  motion  of  the  cathode  point.  By  focusing  the  negative  point 
on  a  solid  projecting  above  the  pool,  the  tendency  of  the  arc  to 
move  away  from  its  depressed  base  is  converted  into  a  tendency  to 
remain  stMionary  at  the  projection  as  highest  point  of  the  cathode. 

IV. 

To  produce  the  negative  blast  which  carries  the  current  in  the  arc 
flame,  power  is  required,  which  is  consumed  in  evaporating  the 
cathode  material,  as  the  mercury  in  the  mercury  arc,  and  gives  the 
vapors  their  high  rectilinear  velocity.  This  power  finds  its  equiva- 
lent in  a  potential  drop  at  the  surface  of  tlie  negative  terminal,  or 
a  cathode  drop  of  voltage.  The  heat  produced  at  the  anode  is 
greater  than  that  due  to  conduction  from  the  arc  stream  and  due  to 
the  arrest  of  the  rectilinear  motion  of  the  arc  blast,  since  the  anode 
may  reach  far  higher  temperatures  than  the  arc  stream  (in  the  mer- 
cury arc,  for  instance,  the  graphite  anode  may  become  white  hot, 
while  the  arc  stream  temperature  is  far  below  incandescence,  as 
shown  by  a  carbon  filament  inserted  in  the  axis  of  the  arc  stream 
not  becoming  luminous),  and  by  gradually  reducing  the  arc  blast 
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by  means  of  cooling  the  cathode  and  arc  stream,  the  temperature 
of  the  anode  is  usually  not  decreased.  The  heat  of  the  anode  is 
approximately  proportional  to  the  current  and  the  energy  con- 
verted into  heat  finds  its  equivalent  in  a  difference  of  potential  at 
the  anode  surface,  or  anode  drop  of  voltage. 

Plotting  the  voltage  consumed  by  mercury  arcs  (with  two  mer- 
cury terminals)  of  different  lengths,  but  of  the  same  current  and 
the  same  diameter,  as  function  of  the  arc  length,  gives  straight 
lines  pointing  toward  13  volts  at  zero  arc  length,  irrespective  of 
diameter  and  current  strength,  at  least  within  wide  limits.  In  the 
mercury  arc  the  voltage  consumed  at  the  terminals  therefore  seems 
to  be  constant,  the  voltage  consumed  by  the  resistance  of  the  arc 
stream  being  proportional  to  its  length. 

In  the  magnetite  are  the  voltages  as  function  of  arc  lengths  for 
constant  current  are  curves  which  are  nearly  straight  lines  and 
point  toward  a  value  of  about  30  volts.  Direct  observation  by 
bringing  the  terminals  slowly  together  and  noting  the  voltage  im- 
mediately before  it  drops  suddenly,  or  separating  the  terminals  and 
reading  the  voltage  immediately  after  it  has  suddenly  risen,  also 
lead  to  values  between  28  and  31  volts,  so  tliat  with  the  magnetite 
arc  the  sum  of  the  potential  drops  at  the  terminals  is  about  30  volts 
and  seems  to  be  independent  of  the  current  and  arc  length.  It  does 
not  change  much  with  a  change  of  the  anode,  as  is  to  be  expected. 
The  voltage  consumed  by  the  resistance  of  the  arc  stream  in  the 
magnetite  are  and  other  arcs  at  atmospheric  pressure  is  only 
approximately  proportional  to  the  arc  length. 

In  the  carbon  arc  the  phenomenon  seems  to  be  more  complicated 
and  the  curves  of  the  arc  voltage  at  constant  current  and  varying 
arc  length  differ  from  straight  lines  considerably,  especially  for 
very  short  arc  lengths,  so  that  the  potential  drop  of  the  terminals 
can  not  well  be  estimated  from  them. 

If  at  constant  arc  length  the  current  is  gradually  lowered,  at  a 
certain  value  of  current  the  arc  suddenly  goes  out,  irrespective  of 
the  voltage  of  the  supply  circuit  (providing  this  voltage  is  not  of  a 
magnitude  sufficient  to  send  an  electrostatic  spark  across  the  gap 
between  the  terminals).  This  phenomenon  appears  more  or  less 
marked  in  all  arcs,  but  especially  so  with  the  mercury  arc  in  vacuo. 
For  instance,  in  a  mercury  arc  of  seven-eighths  inch  diameter  and 
16  inches  length,  shown  in  Fig.  1,  of  which  the  volUimpcre 
characteristic  is  shown  in  Fig.  2,  the  arc  is  stable  at  2.4 
amperes   on   a    50-volt  circuit,   but   immediately   below   this   cur- 
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rent  goes  out  after  a   few   minutes   even  on  a  250-volt   circuit, 
li",  liovvever,   irom   the  same  catliode  C  au  arc  of   one   ampere 


c^ 


FlO.    1. —  MeBCURY   ABC    TUBE,    WITH    AUXILIARY    ANODE. 

is  run   to  an  auxiliary  anode  B,  then  the  current  in  the  main 
iirc  CA  can  be  lowered  to  1.4  amperes  without  either  the  nuiiii  arc 


Fig.  2. 


or  the  auxiliary  arc  going  out.     Below  1.4  amperes  the  main  arc 
goes  out  and  without  the  main  arc  the  auxiliary  arc  CB  goes  out 
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after  a  short  time.  By  raising  the  auxiliary  arc  CB  to  2  amperes, 
the  main  arc  can  be  lowered  to  .4  amperes  before  it  fades  out.  In 
either  of  these  cases  the  arc  CA  becomes  unstable,  if  the  total  cur- 
rent issuing  from  the  negative  point  falls  below  2,4  amperes.  If, 
however,  a  number  of  pieces  of  conducting  material  wetted  by  the 
mercury,  as  iron  or  chromium,  float  on  the  mercury,  then  tlie 
negative  point  of  the  arc  focuses  on  one  of  these  pieces  and  the  arc 
becomes  stable  down  to  a  fraction  of  an  ampere,  but  goes  out  below 
2.4  amperes  if  the  negative  point  leaves  the  iron  and  begins  to  run 
over  the  mercury  surface.  By  the  insertion  of  1.3  h  inductance  the 
stability  can  be  carried  down,  without  focusing  the  negative  point, 
to  1.3  amperes ;  with  20  h  inductance  down  to  .8  amperes. 

Herefrom  it  appears  that  the  stability  of  the  arc  does  not  depend 
upon  the  arc  stream  and  the  anode  but  entirely  on  the  cathode. 
The  power  required  to  produce  the  negative  blast,  which  carries  the 
current,  can  be  assumed  as  proportional  to  the  current.  This 
power  is  given  by  the  electric  power  expended  in  the  potential  drop 
at  the  cathode  surface.  The  rest  of  this  electric  power  is  either 
conducted  away  as  heat  or  used  in  producing  a  surplus  of  mercury 
vapors  over  that  required  to  carry  the  current.  The  power  con- 
ducted away  by  the  cathode  as  heat  is  quite  considerable  where  the 
negative  point  rapidly  moves  over  the  cathode  surface  and  so  con- 
tinuously strikes  fresh  mercur}',  and  varies  with  the  rapidity  of  the 
motion  of  the  negative  point.  With  decreasing  current  its  per- 
centage rapidly  increases,  since  tlie  available  energy  decreases  pro- 
portionally to  the  current,  while  the  heat  conductance  at  the 
cathode  spot  decreases  much  slower.  Hence  at  a  ceitain  current 
this  percentage  becomes  so  large  that  not  enough  energy  is  left  to 
produce  the  negative  blast  and  the  arc  extinguishes.  Since  the 
amount  of  energy  carried  away  by  heat  conductance  increases  with 
the  velocity  of  motion  of  the  negative  spot,  not  much  below  the 
limit  of  stability  the  arc  may  run  for  several  minutes  before  it  is 
extinguished  by  some  unusually  rapid  motion  of  the  negative  spot. 
This  explains  that  only  tlie  current  issuing  from  the  cathode  is 
essential  for  stability,  but  it  is  immaterial  whether  this  current 
goes  to  one  or  several  anodes.  By  fixing  the  negative  point,  the 
energy  consumed  in  continuously  heating  new  mercury  surfaces  is 
saved  and  the  limit  of  stability  therefore  extended  further  down- 
ward. The  reactive  coil,  by  storing  energy  as  magnetism  and  re- 
turning it  when  the  arc  tends  to  go  out,  supplies  the  energy  required 
at  the  cathode  point  at  a  moment  of  rapid  motion  and  so  extends 
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the  stability  more  or  less.  This  unstability  at  low  currents  dis- 
cussed here  has  no  relation  to  the  unstability  of  any  arc  on  constant 
potential  due  to  its  volt-ampere  characteristic,  which  will  be  dis- 
cussed later. 

V. 

If  with  one  eathode  C  two  anodes  A  and  B  are  used  within  reach 
of  the  same  ai'c  flame,  as  for  instance  with  a  mercury  arc  in  the 


Fig.   3. —  Doubue-anode  mercuey  abc   tube. 

same  vacuum  tube,  as  shown  in  Fig.  3,  the  arc  can  be  shifted  from 
anode  to  anode.  If  after  closing  the  circuit  EA  and  establishing 
the  arc  AC  the  circuit  EB  is  closed  and  then  the  circuit  EA  opened, 
the  arc  is  shifted  from  AC  to  BC.  During  the  time  when  both 
circuits  EA  ajid  EB  are  closed,  both  arcs  CA  and  CB  flow  and  the 


Fig.  4. —  Doxjble-cathode  mebcurt  abc  tubb. 

current  divides  between  EA  and  EB  proportional  to  the  resistances 
of  the  two  circuits  EAC  and  EBC,  and  the  potential  drops  at  A 
and  B,  which  latter  depend  upon  the  material,  size  and  temperature 
of  the  anodes  A  and  B. 

If,  however,  with  one  anode  A,  two  cathodes  C  and  D  are  used, 
as  in  Fig.  4,  and  after  closing  the  circuit  EC  and  establishing  the 
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arc  CA,  the  circuit  ED  is  closed,  the  current  still  flows  over  the 
cathode  C  and  no  current  flows  in  ED,  and  if  EC  is  opened  the  arc 
goes  out. 

With  two  separate  anodes  (Fig.  5)  and  considerable  resistance 
in  the  circuits  of  these  anodes,  it  is  possible,  though  difficult,  to 
operate  two  cathodes,  but  both  circuits  have  to  be  started  sepa- 
rately by  bringing  their  terminals  into  contact,  and  one  arc  AC 
does  not  start  the  other  arc  BD,  but  if  after  starting  arc  AC  the 
circuit  ED  is  closed,  an  arc  starts  at  B,  but  goes  over  the  surface  of 
D  to  the  common  cathode  G,  and  all  the  current  returns  over  C, 
oven  if  considerable  resistance  is  inserted  in  series  with  G  and  D 
separately,  and  it  is  difficult  to  shift  the  arc  from  C  U)  D. 
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The  conclusion  from  the  impossibility  of  shifting  the  arc  from 
cathode  to  cathode  and  tlie  ease  of  shifting  it  from  anode  to  anode, 
seems  to  me  that  the  arc  must  be  continuous  at  the  cathode.  The 
explanation  hereof  seems  simple:  Since  the  arc  blast,  which  car- 
ries the  current  between  the  electrodes,  issues  from  the  cathode, 
any  interruption  of  the  arc  blast  at  the  cathode  breaks  ihe  circuit, 
while  an  interruption  at  any  other  place  of  the  arc  stream  is  closed 
by  the  arc  blast  on  the  cathode  side  of  the  break. 

These  phenomena,  while  characteristic  of  all  typical  arcs,  are 
easiest  studied  on  the  mercury  arc,  due  to  its  great  length,  rela- 
tively low  surface  intensity,  sharp  definition  of  the  space  which  can 
be  reached  by  the  arc  vapors,  the  inside  of  the  arc  tube,  and  the 
absence  of  red  rays,  which  permits  close  inspection  even  of  very 
intense  arcs  through  a  red  glass. 
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VI. 

Between  two  magnetite  terminals,  with  a  direct  current  of  4 
amperes,  an  impressed  e.m.f.  of  100  volts  can  maintain  a  steady 
arc  of  five-eighths  inch  length.  If,  however,  an  alternating - 
e.m.f.  even  as  high  as  250  volts  is  impressed  upon  a  cir- 
cuit of  such  resistance  as  to  permit  4  amperes  to  flow,  and  two 
magnetite  terminals  in  contact  with  each  other  are  included  in  the 
circuit,  when  attempting  to  start  an  alternating  arc  by  withdrawing 
the  magnetite  terminals  from  each  other,  the  circuit  opens  even 
with  a  very  minute  gap,  less  than  one  thirty-second  inch.  That  is, 
250  volts  4  amperes  cannot  maintain  even  a  very  short  alternating 
arc  between  magnetite  terminals,  or,  in  other  words,  magnetite  may 
be  called  "  non-arcing "  for  alternating  current,  and  at  least  500 
volts  are  required  to  maintain  an  alternating  arc,  and  then  the  arc 
is  unsteady,  noisy,  and  a  direct-current  ammeter  in  the  circuit 
shows  a  unidirectional  current,  that  is,  at  least  partial  rectification. 

With  the  mercury  arc  the  difference  is  still  more  marked :  25 
volts  direct  current  will  maintain  an  arc  of  several  inches  length 
when  once  established.  To  maintain  an  arc  of  the  same  length,  an 
alternating  e.m.f.  of  several  thousand  volts  is  required,  so 
high  that  it  strikes  across  the  gap  between  the  electrodes  and 
establishes  itself,  at  least  after  preheating  the  arc  tube  to  the  tem- 
perature which  it  has  while  the  arc  is  running.  At  lower  alternat- 
ing voltage  the  arc  immediately  extinguishes.  If  by  a  sufficiently 
high  alternating  voltage  an  arc  is  struck,  the  current  passing  is 
entirely  unidirectional,  that  is,  only  ever)'  second  half  wave  passes, 
and  a  still  much  higher  voltage  is  required  to  hold  a  true  alternat- 
ing arc,  in  which  both  half  waves  pass. 

The  explanation  of  this  phenomenon  seems  to  me  found  in  the 
required  continuity  of  the  arc  blast  at  the  cathode;  with- 
drawing the  terminals  from  each  other,  with  an  alternating  e.m.f. 
in  the  circuit,  the  current  passes  during  one  half  wave.  For 
the  next  half  wave,  however,  the  other  terminal  should  be  cathode 
and  the  arc  so  goes  out,  since  no  cathode  blast  issues  from  the  other 
terminal.  If  the  voltage  is  sufficiently  high,  it  strikes  across  the 
gap  between  the  electrodes  and  establishes  an  arc.  The  next  half 
wave,  however,  has  to  stop  the  vapor  stream  of  the  preceding  half 
wave  and  to  produce  a  reverse  vapor  stream,  and  this  requires  a 
higher  voltage  than  merely  to  establish  the  vapor  stream ;  hence,  if 
the  voltage  is  not  very  much  higher  than  the  striking  voltage,  the 
second  half  wave  does  not  pass.     The  third  half  wave  is  again  in 
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tlie  direction  of  the  first,  thus  strikes  across,  now  easier  by  using 
the  remnant  of  the  vapor  stream  of  the  first  half  wave ;  the  fourth 
half  wave  again  cannot  pass,  etc.  In  this  manner  rectification  of 
the  arc  with  an  alternating  e.m.f.  appears  as  the  natural  result 
of  the  negative  blast.  There  exists  then  with  any  such  arc 
a  range  of  voltage  between  that  required  to  strike  across  the 
terminals  and  establish  the  arc  and  lliat  required  to  reverse  an 
existing  arc,  where  rectification  takes  place. 

If  by  an  auxiliar}'  terminal  B,  Fig.  1,  a  direct  current  arc  is 
maintained  between  one  terminal  C,  and  B,  then  an  alternating 
e.m.f.  of  the  same  magnitude  as  that  required  for  the  direct- 
current  arc  establishes  and  maintains  an  arc  between  ter- 
minal A  and  that  terminal  of  the  direct-current  arc  BC  which  is 
cathode.  But  this  arc  is  imidirectional,  its  cathode  being  the 
cathode  of  the  direct-current  arc.  Here  then  the  continuity  of  the 
cathode  blast  is  maintained  by  the  direct-current  arc.  Obviously, 
the  same  result  can  be  produced  by  overlapping  several  arcs  with 
common  cathode  so  that  before  one  arc  ceases  at  zero  e.m.f. 
another  e.m.f.  starts  another  arc  with  the  same  cathode,  and  so 
a  continuous  cathode  blast  is  produced.  Or  the  two  successive 
half  waves  of  e.m.f.  can  be  utilized  by  extending  by  means  of  in- 
ductance the  current  of  each  half  wave  beyond  the  zero  e.m.f., 
until  the  arc  of  the  next  half  wave  has  started. 

We  have  then,  with  an  alternating  e.m.f., 

1).  A  range  of  voltage  from  zero  to  the  voltage  required  by  a 
direct-current  arc  of  the  same  length,  where  nothing  takes  place. 

2).  A  range  of  voltage  from  the  direct-current  arc  voltage,  say 
25  volts  in  the  mercury  arc,  to  the  striking  voltage  between  the 
electrodes,  say  6000  volts,  where  a  unidirectional  or  rectifying  arc 
takes  place,  if  tlie  cathode  blast  is  maintained  by  what  may  be 
called  separate  excitation. 

3).  A  range  of  voltage,  between  the  striking  voltage  and  the 
voltage  required  to  reverse  a  cathode  blast  of  opposite  direction,  say 
between  6000  and  9000  volts,  where  a  unidirectional  or  reciifying 
arc  occurs  without  a  separate  excitation. 

4).  A  range  beyond  the  latter  voltage,  say  9000  volts,  where  a 
true  alternating  arc  passes. 

This  phenomenon  leads  to  the  arc  rectifier,  which  now  is  becom- 
ing of  practical  importance. 

Most  arcs  show  more  or  less  complete  rectification  within  a  cer- 
tain range  of  voltage  and  so  do  not  operate  well  on  alternating  cur- 
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rent,  except  the  carbon  arc,  which  shows  a  very  incomplete  rectifica- 
tion only  where  a  great  dissymmetry  of  electrodes  exists.  The 
range  within  which  rectification  occurs,  however,  varies  greatly. 
It  is  the  range  between  the  direct-current  arc  voltage  and  llie  elec- 
trostatic striking  voltage  between  the  electrodes  at  arc  temperature. 
With  increasing  arc  temperature,  that  is,  change  of  material  of  the 
cathode,  at  constant  arc  length  and  current,  the  are  voltage  in- 
creases. The  voltage  required  to  strike  across  the  gap  through  the 
hot  vapor  stream  decreases  with  increasing  temperature  of  the 
vapor  stream.  Therefore  the  voltage  range  of  rectification  is  enor- 
mous with  the  very  low  temperature  mercury  arc.  With  the  verv^ 
much  higher  temperature  of  the  magnetite  arc  it  is  already  fairly 
narrow,  about  between  100  volts  and  500  volts,  and  it  may  well  be 
that  with  the  still  much  higher  temperature  of  the  carbon  arc, 
which  is  the  hottest  arc,  the  striking  voltage  falls  below  the  arc 
voltage,  and  that  this  is  the  reason  that  the  carbon  arc  does  not 
rectify,  but  runs  steadily  on  alternating  current.  Some  very  re- 
fractory substances,  as  calcium  carbide,  also  show  no  marked  recti- 
fication, and  in  arcs  like  the  magnetite  arc,  rectification  can  move  or 
less  completely  be  suppressed  by  greatly  increasing  the  temperature 
of  the  arc  stream.^ 

VII. 

At  constant  current,  the  voltage  consumed  by  an  arc  increases 
with  increase  of  arc  length.  At  constant  arc  length,  the  voltage  of 
the  arc  decreases  witli  increase  of  current.  Merely  considered  as 
electric  conductor  the  arc  therefore  represents  an  effective  resistance 
which  very  greatly  decreases  with  increase  of  current.  With  in- 
crease of  current,  however,  the  arc  considered  as  conductor  changes 
its  shape,  that  is,  increases  in  section. 

As  illustration,  such  volt-ampere  characteristic-s  are,  with  the 
current  as  abscissae,  and  the  total  voltage  as  ordinates,  shown  for 
the  magnetite  arc  in  Fig.  6,  for  arc  lengths  of  i/g,  V2>  1  and  11/2  in. 

The  voltage  e  consumed  by  the  arc  can  be  resolved  in  two  com- 
ponents : 

e  =  go  +  e^ 

1.  I  once  suspected  that  the  abnormal  character  of  the  carbon  arc  may 
be  due  to  the  infusibility  of  carbon  at  atmospheric  pressure,  where  the 
melting  point  is  above  the  boiling  point.  Arsenic  metal,  however,  which 
also  has  a  lower  boiling  point  than  melting  point,  does  not  seem  to  maintain 
an  alternating  arc. 
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where  e^  is  the  voltage  consumed  by  the  resistance  of  the  arc 
stream,  Bq  the  potential  drop  at  the  terminals,  which  changes  less 
with  change  of  current  or  is  constant  and  independent  of  the 
current,  as  in  the  mercury  arc  and  probably  the  magnetite  arc  and 
many  other  arcs. 

Approximately,  the  section  of  the  arc  stream  can  be  assumed 
as  proportional  to  the  current : 

i  =  c^s  =  c^i^ 
where  s  =  section,  d  =  diameter  of  arc  stream. 

The  power  consumed  by  the  arc  stream  is: 

w^  =  e^i  (1) 

The  temperature  of  the  arc  stream  probably  is  the  temperature 
of  the  boiling  point  of  the  cathode  material,  hence  independent  of 
the  current,  and  the  power  radiated  by  the  arc  proportional  to 
its  surface,  hence: 

where  l^  =:  effective  length  of  arc  stream. 

Since  the  power  consumed  by  the  arc  stream  must  equal  the 
power  radiated  by  it,  we  have 

Wi  =  Wz 

or 
e^i  =  c^dl^  (2) 

and,  eliminating  d  from  equations  (1)  and  (2)  : 

c  li 

ei=  — z^ 

^^^ 

Due  to  the  heat  conduction  of  the  arc  stream  to  the  electrode, 
the  effective  length  l^  is  probably  slightly  greater  than  the  actual 
length  /  of  the  arc,  hence: 

Therefore; 

«l=   — ~^ — 

/  i 

and 

e  =  fo-\-  - — rz— 
y  i 

This  equation  of  the  volt-ampere  characteristic  of  the  arc  con- 
tains the  three  constants  e,,,  c  and  a.  It  is  a  rational  formula, 
but  can  be  approximate  only,  since  the  assumptions  on  which  it 
is  ba«od  are  only  approximate. 
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FroTii  the  observed  volt-ampere  characteristics  of  Fig.  G  for  cur- 
rents 2,  3,  4,  6,  8  amperes,  the  corresponding  voltages  have  been 
taken  and  for  each  arc  length  the  average  value  of  c  {l-\-(i)  deter- 
mined as  190,  128,  69,  21  for  the  arc  lengths  of  li/2>  1»  Mj  ^^^^ 
%  ins.     Therefrom  then  follow  the  averages: 

c  =  125 
a=  .05" 
and  the  calculated  values  of  c  (Z  -f-  a)  :  190,  129,  G8,  21.5,  which 
is  a  very  good  agreement. 

This  tlien  gives  the  equation: 

From  these  equations  the  values  of  e  have  boon  calculated  for 
the  currents  1,  2,  3,  4,  6,  8  amperes,  and  marked  in  Fig.  6  by 
circles.  As  seen,  considering  the  approximate  character  of  this 
rational  formula,  the  agreement  is  remarkably  close  except  for 
very  low  currents.  For  very  low  currents,  however,  the  arc  stream 
is  very  thin,  the  energy  radiated  therefore  is  disproportionately 
large  and  the  observed  voltage  must  therefore  be  expected  to  be 
higher  than  calculated. 

Since  this  equation  is  based  on  the  assumption  that  the  section 
of  the  arc  stream  is  proportional  to  the  current,  it  can  not  apply 
to  the  mercury  arc  in  vacuo,  in  which  the  section  of  the  arc  stream 
is  constant,  is  the  inner  diameter  of  the  arc  tube,  but  the  vapor 
pressure  varies  with  the  current. 

The  volt-ampere  characteristics  of  the  mercury  arc  (16  in.  length, 
7<,  in.  diameter)  is  shown  in  Fig.  2  and  differs,  indeed,  very 
greatly  from  that  of  an  arc  at  atmospheric  pressure;  tJb.e  voltage 
is  approximately  constant  over  a  considerable  range,  but  rises  for 
low  currents  and  also  for  high  currents. 

Assuming  the  conductivity  g  of  the  vapor  stream  as  proportional 
to  the  amount  of  mercury  vapors,  that  is,  the  vapor  density «? 

and  the  amount  of  mercury  vapors  as  proportional  to  the  current, 

which  can  be  approximately  correct  only  within  a  limit 

(J  =  Cj  t 

We  have :  — 

g  =  ci 

and  therefore  the  voltage  consumed  by  the  arc  stream 

i 
e,  =  -  =  c 

that  is  constant. 
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Epecially  for  low  currents  the  amount  of  mercury  vapors,  or 
the  vapor  density,  must  be  less,  due  to  the  heat  conduction  from, 
the  cathode  point,  as  discussed  before.  Assuming  this  as  approxi- 
mately constant,  a  negative  corrective  term :  — a  is  introduced  into 
the  conductivity. 

Especially  at  high  currents  the  conductivity  is  decreasfjd  due  to 
the  increase  of  temperature  of  the  are.  Assuming  this  as  pro- 
portional to  the  power  consumed  in  the  arc,  e  i,  or  approximately 
v^,  introduces  another  negative  corrective  term,  —  6  r,  and  the  con- 
ductivity becomes 

g  =  ci  —  a  —  h  v^ 

Hence  the  voltage  consumed  by  tlie  arc  stream 

I 
«i  = :: 


bi 


And  if  Cq  =  potential  drop  at  terminals 
e=  eo-jr  - 


"  7.  • 

C  —  -;-  —  0^ 

^ 
which  would   be  an   approximate  rational  formula   for  the  volt- 
ampere  characteristics  of  the  mercury  arc  in  vacuo. 

As  seen,  this  equation  gives  a  curve  of  similar  shape  to  that 
observed:  approximately  horizontal,  but  rising  at  both  ends. 

Taking  from  the  observed  volt-ampere  characteristics  in  Fig.  2 
the  values  of  e  f  or  t  =^  2,  3,  4,  5,  6,  8,  10  amperes,  and  calculating 
therefrom  tlie  constants,  we  have  the  values 

c  =  .0813 
a  =  .056 
&  =  .0043 
Hence 

,      .           If'" 
e=U+ T^ 

8.13 '■ .42  i 

From  this  equation,  values  of  e  are  calculated  and  marked  by 
crosses  on  Fig.  2.  As  seen,  the  agreement  between  tlie  calculated 
values  and  the  observed  curve  is  fairly  good,  considering  the  above 
formula  is  only  a  first  approximation.  Only  for  low  currents  a 
greater  difference  occurs,  but  must  be  expected  since  by  the  inser- 
tion of  inductance  into  the  circuit  the  ciithode  conditions  are  con- 
siderably modified,  and  also  at  such  low  currents  the  path  of  the 
current  may  not  completely  fill  the  tube. 
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VIII. 

From  its  drooping  volt-ampere  characteristic  results  the  unsta- 
bility  of  the  electric  arc  on  constant  potential,  since  a  decrease  of 
current,  or  tendency  thereto,  by  increasing  the  voltage  required  by 
the  arc,  would  on  a  constant  potential  supply  cause  a  still  further 
decrease  of  current  and  extinction ;  while  an  increase  of  current,  by 
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Fig.  6. 


decreasing  the  voltage  required  by  the  are,  causes  a  still  further 
increase  of  current  and  ultimate  short  circuit.  Only  such  a  circuit 
can  be  stable  on  a  constant-potential  supply  in  which  an  increase  of 
current  causes  an  increase  of  consumed  voltage  and  inversely,  and 
any  tendency  to  a  change  of  current  so  checks  itself.  This,  for 
inst-ance,  is  the  case  with  an  olimic  resistance  and  the  insertion  of 
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a  resistance  in  series  to  the  arc  therefore  reduces  its  unstability  and 
ultimately  gives  steax3incss. 

Let  in  Fig.  7  as  curve  /  be  reproduced  tlie  volt-ampere  charac- 
teristics of  a  magnetite  arc  of  1  in.  length.  The  voltage  con- 
sumed by  10  ohms  resistance  is  a  straight  line  11.  Inserting  thus 
10  ohms  resistance  in  series  to  the  arc,  the  total  voltage  consumed 
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by  the  arc  and  resistance  is  given  in  curve  777.  Beyond  3.5  am- 
peres this  curve  is  rising  and  the  arc  therefore  stable.  Below  oJ^ 
amperes  it  is  still  drooping  and  the  arc  unstable,  and  an  attempt 
of  operating  the  arc,  say  at  2  amperes  142  volts,  results  either  in 
tiie  are  going  out  or  the  current  rising  to  6  amperes,  where  the 
arc  becomes  stable  on  the  rising  branch  of  the  curve. 

The  point  3.5  amperes  132  volts  therefore  divides  the  curve  7/7 
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into  a  stable  and  an  unstable  branch,  and  gives  the  minimum  volt- 
age of  supply  at  which  a  3.5-amp('re  arc  of  1  in.  length  between 
magnetite  terminals  can  be  operated. 

To  every  value  of  current  thus  corresponds' a  value  of  voltage 
whicli  is  the  minimum  supply  voltage  required  for  stability  of  the 
arc,  and  tliese  points  give  a  "  stability  curve  "  IV. 


Fig.  8. 

Drawing  a  tangent  to  the  volt-ampere  characteristics  at  3.5  am- 
peres, in  A,  and  connecting  the  intersection  B  of  this  tangent  and 
the  ordinate  axis,  with  the  point  C  of  the  stability  curve,  the  tri- 
angle ABC=DEF;  hence  ABC  =90  deg.,  and  BC  is  horizontal. 
The  ordinates  of  the  stability  curve  therefore  are  the  intersections 
of  the  ordinate  axis  with  the  tangents  of  the  volt-ampere  charac- 
teristic. 

Since  the  stability  curve  IV  represents  the  voltage  at  which  the 
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arc  passes  from  unstable  to  stable  condition,  iu  practical  operation 
a  margin  beyond  the  voltage  value  of  the  stability  curve  has  to  be 
allowed. 

In  Fig.  8  are  plotted  in  heavy  black  lines  curves  for  magnetite 
arcs  of  Yg,  y2,  %,  1,  1%,  1%  in.,  so  that  the  stability  curves  are 
10  per  cent  below  these  curves;  that  is,  these  curves  in  Fig.  8  are 
11.1  per  cent  above  the  stability  curves.  These  curves  are  of 
practical  importance  in  considering  the  operation  of  the  arc  on 
constant-potential  circuits.  In  steeper  lines  are  shown  the  equi- 
lateral hyperbolas  of  constant  power,  from  100  to  1000  watts. 

To  illustrate  the  use  of  these  curves : 

A  400-watt  magnetite  arc  (the  power  here  including  that  con- 
sumed by  the  steadying  resistance)  of  one  inch  length  requires 
a  supply  voltage  of  '240;  a  %-in.  arc  requires  123  volts;  a  i/2-iii- 
arc  requires  80  volts. 

The  longest  400-watt  arc  which  can  be  operated  from  a  125-volt 
circuit  is  .76  in.,  and  consumes  3.2  amperes.  The  longest  300- 
watt  arc  is  a  .63-in.,  2.4-ampere  arc. 

On  a  125-volt  supply  circuit  the  arc  lengths  corresponding  to 
different  currents  are  as  follows : 

Arc  length,  inches y.  ^A  1       1%       '^'V2 

Current,  amperes 1.9       3.15       4.8       6.9       9.1 

Voltage      consumed      by      arc 

proper,    volts 82  84         87         90         94 

Hence,     per     cent     steadying 

resistance   34.4       32.8     30.4     28.0     24.8 

Similar  characteristics  exist  for  the  carbon  arc,  etc. 

IX. 

The  most  important  application  of  the  electric  arc  is  for  illu- 
mination. 

From  the  electric  arc  light  can  be  produced: 

I).  Directly,  by  the  heat  produced  at  the  anode,  bringing  the 
anode  to  incandescence. 

2).  Indirectly,  by  the  heat  at  the  anode  evaporating  constitu- 
ents of  the  anode,  which,  entering  the  arc  stream,  gives  a  luminous 
spectrum. 

3).  Directly,  by  the  arc  flame,  by  using  as  carrier  of  the  current 
in  the  arc  flame  a  cathode  material  which  gives  a  luminous 
spectrum. 
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1).  WTien  using  the  incandescence  of  the  anode  for  illumina- 
tion, carhon  is  still  exclusively  used,  since  it  is  most  refractory, 
the  carbon  arc  the  ]iotte?t  arc,  and  so  the  luminous  efficiency  of 
the  anode  tip  of  the  carbon  arc  the  highest  efficiency  available  by 
incandescence. 

Since  the  carbon-arc  flame  is  practically  non-luminous,  but  con- 
sumes voltage,  the  shortest  arc  length  by  which  the  shadow  of  the 
cathode  does  not  yet  seriously  obstruct  the  light  is  the  most 
efficient. 

The  smaller  the  anode  diameter  the  less  is  the  loss  of  heat  by 
conduction  and  the  greater  the  efficiency,  but,  also,  the  greater 
the  rate  of  consumption  of  carbon.  Efficiency  is,  therefore,  to 
be  balanced  against  life  in  determining  the  carbon  diameter. 

In  this  class  of  illuminates  would  probably  be  counted  also 
those  arcs  in  which,  as  anode,  a  material  is  used  giving  a  strong 
heat  luminescence,  as  mixtures  of  rare  earths,  in  which  case  then, 
at  a  temperature  probably  lower  than  that  of  the  carbon  arc,  higher 
efficiencies  may  possibly  be  secured. 

•  3).  To  produce  light  from  the  arc  flame  by  introducing  by 
evaporation  substances  which  give  a  luminous  spectrum,  carbon, 
as  carrier  of  the  arc,  is  exclusively  used  since  it  gives  the  hottest 
arc,  and  the  material  fed  from  the  anode  as  the  hottest  terminal, 
while  as  cathode  frequently  a  plain  carbon  is  used.  The  rate  of 
consumption  of  electrodes  must  be  fairly  rapid  to  feed  the  coloring 
matter  into  the  arc  in  sufficient  quantities  to  give  a  good  efficiency. 
The  number  of  substances  which  give  a  high  efficiency  and  satis- 
factory color  is  rather  limited.  Calcium  compounds  are  commonly 
used  since  the  calcium  spectrum  is  of  very  high  efficiency.  Its 
color,  however,  is  orange  yellow  and  such  an  are,  therefore,  gives 
strong  monochromatic  effects,  which  are  not  always  desirable. 

3).  When  using  substances  as  carriers  of  the  current  in  the  arc 
stream  which  give  a  luminous  spectrum,  carbon  is  excluded  by 
the  low  luminosity  of  its  arc  flame.  The  material  is  used  as 
cathode  and  the  anode  may  be  non-consuming.  The  temperature 
of  the  arc  ceases  to  be  essential,  since  the  light  is  produced  more 
or  less  directly  by  electro-luminescence  and  the  arc  temperature 
may  be  far  below  incandescence,  as  in  the  mercury  are.  By  using 
substances  which  are  stahle  in  the  air  at  high  temperature,  as 
metallic  oxides,  the  rate  of  consumption  of  electrodes  can  be  made 
very  small  without  losing  in  efficiency.  The  metals  of  the  iron 
group,  seem  to  give  the  highest  luminous  efficiency,  combined  with 
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white  color  of  the  light,  and  their  oxides,  which  are  not  attacked 
by  the  air  even  at  high  temperatures,  are,  theroforo,  commonly 
Tised. 

In  this  class  also  belong  most  vacuum  arcs,  such  as  the  mercury 
arc. 

Discussion. 

Chaibmati  Lieb:  Gentlemen,  we  have  all  listened  with  very  ^eat  in- 
terest to  Dr.  Steinmetz's  paper,  which  shows  the  result  of  keen  analysis 
and  careful  investigation  of  the  phenomena  of  the  electric  arc.  We  have 
several  other  papers  on  similar  subjects,  relating  to  the  arc,  and  with  your 
approval  we  will  read  several  of  them  and  then  have  a  joint  discussion 
of  several  of  them  so  as  to  economize  time.  I  will  say  that  several  of 
the  papers  arrived  at  the  very  last  moment,  and  therefore  are  not  in  print, 
but  we  have  the  illustrations  which  go  with  them. 

I  will  call  upon  Dr.  Louis  Bell  to  read  the  paper  of  Prof.  Andr6  Blondel 
on  "  Impregnated  Arc  Light  Carbons.** 

Dr.  Bell  read  the  paper. 
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OF  THE  ELECTRIC  ARC,  PRODUCED  BY 
MEANS  OF  ELECTRODES  OF  CARBON  MIXED 
WITH  MINERAL  SUBSTANCES. 


BY  PROF.  AISTDRfi  BLONDEL,  ^cole  des  Fonts  et  Ghauss6e.^,  Paris. 


The   Different   Kinds   of    Electrodes   and    Electric    Akos 
Employed  To-day  in  Electric  Lighting. 

Until  very  recently  the  only  method  of  arc  lighting  was  from 
the  arc  between  carbons.  It  is  true  that  experiments  had  been  made 
with  other  electrodes,  as  we  shall  see  later;  but  these  experiments, 
often  badly  m.ade  and  too  quickly  generalized,  had  led  to  the  be- 
lief that  carbon,  having  the  highest  point  of  volatilization,  gives  an 
arc  of  the  highest  temperature,  and  consequently,  of  the  highest 
efficiency.  It  is  only  during  the  last  few  years,  particularly  since 
the  discoveries  of  Aiier  and  Nemst,  that  we  have  understood  that 
the  efficiency  is  not  alone  a  question  of  temperature,  and  that  cer- 
tain substances  enjoj'ing  an  emissive  power  more  or  less  selective 
—  that  is  to  say,  a  spectrum  of  emission  different  from  that  of 
black  bodies  and  favoring  the  yellow  and  green  radiations  —  might 
produce  light  more  economically  at  a  temperature  below  that  of 
incandescent  carbon  at  its  point  of  volatilization.  It  was  natural 
from  that  time  to  undertake  researches  upon  the  emplo)Tnent  of 
substances  other  than  carbon  for  the  production  of  the  arc.  The 
arc  between  electrodes  formed  of  mineral  substances  thrust  itself 
almost  involuntarily  upon  the  attention  of  many  observers  (Nernst, 
Rasch),  when  in  the  course  of  studies  upon  the  glower  of  the 
ISTemst  lamp,  these  glowers  happened  to  break.  But  the  lack  of 
conductivity  of  such  electrodes  when  cold  being  an  obstacle  to  their 
employment,  Easch  and  others  sought  vainly  to  overcome  it  by  the 
addition  of  a  conducting  core  or  envelope.  They  were  then  led 
logically  to  make  artificial  conductors  by  the  use  of  conducting 
substances,  such  as  carbon  in  mixture  with  the  mineral  substances. 
This  is  what  was  done  in  1878  by  M.  Bremer.  By  a  happy  circum- 
stance the  latter,  who  was  not  an  electrician,  and  unlike  many  con- 
temporaneous specialists,  ignored  the  studies  made  and  the  results 
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obtained  previously  iijion  carbons  of  tbat  nature,  wa?  not  dis- 
couraged or  baited  by  the  inexact  scientific  prejudice  as  to,  the 
necessity  of  high  temperatures.  Moreover,  his  researches,  often  ill- 
directed,  were  followed  with  remarkable  perseverance  and  crowned 
with  a  legitimate  success,  notably,  at  the  Exposition  of  Paris  in 
1900.  They  reopened  a  subject  which  had  appeared  to  be  closed, 
brought  into  light  forgotten  work,  and  excited  anew  on  the  part 
of  numerous  seekers,  including  the  author  of  this  communication, 
a  desire  to  increase  the  means  of  the  production  of  electric  light, 
and  to  combat  the  alarming  progress  of  gas  lighting. 

In  a  like  manner,  but  in  another  order  of  ideas,  the  very  inter- 
esting discovery  of  a  young  inventor,  Mr.  Cooper-Hewitt,  who  simi- 
larly was  not  stopped  by  the  discouraging  experiences  of  older  in- 
ventors, called  attention  to  the  arc  in  mercury  which  had  fallen  into 
f orgetf ulness  since  the  work  of  Arons ;  and  the  studies  which  have 
been  made  on  this  subject  from  many  sides  have  thrown  a  new  light 
upon  tlie  phenomena  of  the  electric  arc  and  opened  also  new  ways 
for  inventors  in  the  search  of  economical  electric  arcs,  not  only 
through  the  employment  of  mercury  or  the  alkaline  metals,  but 
also  of  the  conducting  oxides,  such  as  oxide  of  iron. 

In  the  present  state  of  our  knowledge  the  different  kinds  of  elec- 
tric arcs  which  interest  the  electric-lighting  engineer,  may  be 
classed  as  follows,  from  the  point  of  view  of  the  nature  of  their 
electrodes. 

1 ) .  Arcs  between  pure  carbons. 

2),  Arcs  between  metals. 

3),  Arcs  between  oxides  or  compounds  of  pure  metals. 

4).  Arcs  between  mixed  electrodes,  composed  of  carbons  mixed 
with  mineral  substances. 

The  first  category  is  characterized  by  the  fact  that  the  arc  prop- 
erly so  called  does  not  give  much  light,  while  the  electrodes,  espe- 
cially the  anode,  become  very  brilliant. 

In  the  second  category  mercury  (or  its  alloys)  is  tlie  only  metal 
at  present  utilized,  since  its  vapor  becomes  luminous  in  the  arc 
although  the  temperature  is  very  slightly  raised,  thanks,  witliout 
doubt,  to  a  particular  phenomenon  of  luminescence.  The  other 
metals,  such  as  iron,  give  an  arc  much  less  brilliant  and  are  utilized 
only  for  the  production  of  violet  or  ultra-violet  rays  in  medical  or 
photographic  applications. 

The  arc  of  mercury  itself,  on  accoimt  of  its  lack  of  red  rays  in 
the  spectrum,  finds  in  these  two  applications  it?  principal  use  to-day. 
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Moreover;,  by  placing  it  in  a  tube  of  silica  (constructed  by  Hcraus) 
in  place  of  glass,,  which  absorbs  the  ultra-violet  rays,  it  has  recently 
been  found  to  constitute  a  source  of  very  powerful  chemical  radia- 
tions comparable  to  the  arc  from  iron. 

The  arc  between  metals  has  luminous  properties  very  different 
from  those  of  the  arc  between  carbons.  The  electrodes  are  brilliant 
only  over  a  very  small  surface  and  with  a  brightness  very  inferior 
to  that  of  the  crater  of  an  anode  of  carbon.  The  arc  is  longer  and 
becomes  the  principal  source  of  radiations.  This  is  why  we  are 
interested  in  lengthening  it  and  making  it  play  in  a  vacuum,  as  is 
possible  with  the  mercury  arc. 

The  third  category,  which  includes  the  arcs  between  metallic 
oxides,  was  studied  first  by  Rasch,  using  the  oxides  of  feeble  con- 
ductivity, giving  short  arcs;  then  by  Steinmetz,  with  conducting 
oxides,  permitting  him  to  attain  long  arcs.  In  both  cases  the  elec- 
trodes play  only  a  small  role  in  the  production  of  the  light,  which 
comes  more  from  the  arc,  properly  so  called,  formed  of  the  very 
brilliant  vapors  heated  to  a  high  temperature.  But  Rasch,  in  his 
"Electrolytic  Arc"  (German  patent  113,594),  suggested  the  arc 
l>etween  carbons  and  employed  two  like  electrodes  formed  of  oxides 
called  "conductors  of  two  species"  (after  Xernst),  while  Stein- 
metz suggested  the  arc  of  mercury,  employing  an  electrolytic  sub- 
stance only  as  the  cathode,  and  a  pure  metal  for  the  anode.  We 
will  see  that  these  two  methods  involve  great  differences.  As  the 
temperature  of  the  cathode  is  much  inferior  to  that  of  the  anode, 
Rasch  was  able  only  to  employ  refractory  oxides,  which  gave 
short  arcs,  while  Steinmetz  utilized  an  easily  fusible  oxide  (mag- 
netite)  and  obtained  very  long  arcs. 

Finally,  the  fourth  category  comprises  lamps  using  four  differ- 
ent types  of  electrodes :  Solid  carbons,  formed  of  a  paste  of  carbon 
containing  mineral  substances  in  more  or  less  high  proportions 
(carbons  of  Bremer)  ;  carbons  with  cores  in  a  cylinder  of  pure 
carbon,  containing  one  or  several  longitudinal  canals  of  small  sec- 
tions, filled  with  mineral  substanc-es  only,  or  preferably  mixtures 
of  carbon  ("  flaming  carbons  "  so-called,  of  Siemens  Bros,  and  other 
manufacturers)  ;  carbons  mineralized  in  the  paste  and  supplied 
with  mineralized  cores  similar  to  those  of  other  electrodes  (carbons 
of  Bremer) ;  finally,  carbons  with  an  envelope  formed  of  a  solid 
mineralized  cylinder  as  core  and  a  thin  envelope  made  of  non- 
scarifiable  carbon,  which  preserves  the  interior  cylinder  (carbons 
of  the  author). 
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In  the  present  communication,  I  will  occupy  myself  more  es- 
pecially with  the  arcs  of  the  fourth  category,  involving  different 
kinds  of  "  mixed  carbons,"  also  called  "  impregnated  "  carbons  (for 
the  substances  are  added  in  the  dry  state  in  the  paste).  I  refer 
to  other  categories  only  for  theoretical  or  experimental  comparisons. 

Origin  of  "mixed  carbons"  of  mineral  substances. 

Numerous  inventors  have  for  a  long  time  studied  the  results  ob- 
tained by  adding  either  in  the  carbon  paste  or  as  a  coating,  and 
either  in  the  central  core  or  by  absorption,  various  mineral  sub- 
stances. The  older  researches  go  back  to  Casselmann  {Annals  of 
Poggendorff,  1844,  Vol.  63),  who  introduced  into  the  carbons 
borates  and  sulphates  and  boric  acid.  Since  that  time  mineral 
matters  have  been  employed  in  four  different  ways:  To  reduce 
the  lateral  combustion ;  to  augment  the  conductibility  of  the  arc  and 
render  the  combustion  more  regular;  to  make  the  slag  r.un  freer, 
and,  finally,  to  increase  the  light. 

1).  To  reduce  the  combustion.  Wortley,  for  example  (French 
patent  No.  129,63G,  1879),  adds  silicates  to  the  paste.  Lacombe 
(French  patent  No.  509,170,  1890),  adds  to  the  same  sulphates, 
chlorates,  and  phosphates,  etc.,  incorporated  after  or  before  mould- 
ing. It  is  a  known  practice  among  all  manufacturers  of  carbons 
to  add  for  the  same  purpose  boric  and  phosphoric  acids.  Mignon 
and  Eouart  (143,206,  1881)  claim  a  vitrified  exterior  coating 
Julien  (French  patent  265,661,  1896)  has  also  claimed  this  process 
as  well  as  one  employing  silicates,  tungstates,  and  similar  slow  burn- 
ers. (The  salts  of  lime,  magnesia,  soda,  and  potash,  should  act  as 
retarders.) 

2).  To  augment  the  conductibility  in  the  arc.  Carre,  in  1886 
(French  patent  No.  174,268),  claimed,  in  order  to  render  the  light 
more  fixed,  the  addition  to  carbons  by  impregnation  or  by  mixture 
before  moulding,  of  borates  of  soda,  potash,  magnesia,  lime,  etc. 
In  two  other  patents  (179,058  and  218,097)  he  claimed  the  employ 
ment  of  the  same  substances  and  several  others,  notably  of  all  the 
insoluble  salts  of  lime,  magnesia,  strontium,  and  aluminum,  in 
an  axial  core.  Siemens  &  Halske  patented  in  1879  in  various 
countries  an  analogous  idea,  and  in  Germany  a  process  of  soaking 
similar  to  that  of  Casselmann  (ElcJclrotechnische  Zeitschrift,  1895, 
page  553).  Mr.  Faissner  has  insisted  upon  the  particularly  favor- 
able action  of  boric  acid  added  thus  to  the  carbons.    The  employ- 
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ment  of  boric  acid  and  of  its  alkaline  source  has  been  very  general 
for  the  last  few  years  to  make  the  arc  more  stable. 

3).  To  make  the  slag  run  freer.  Carre  suggested  the  addition  of 
potash  and  soda,  not  only  for  lengthening  the  are  and  making  it 
regular,  but  also  as  a  flux  to  make  the  silica  and  other  impurities 
contained  in  the  retort  carbons,  flow  as  globules  from  the  ends  of 
tlie  carbon  (Du  Moncel,  "Expose  des  A  pp.  de  VJ^lectricite," 
VoL  5,  page  470.)  More  rccently  M.  Bremer  has  shown  mjore 
definitely  the  benefit  of  adding  a  flux,  especially  when  the  carbon 
contains  a  large  proportion  of  the  salts  of  lime  or  magnesia,  the 
diflicultly  fusible  slags  of  which  are  thus  softened  and  more  easily 
gotten  rid  of  (French  patents,  291,037  and  291,106,  1899). 

4).  To  increase  the  light.  This  application,  which  is  the  most 
interesting  to  us  for  the  moment,  has  been  known  for  a  long  time. 
It  is  stated  particularly  in  the  treatise  of  Du  Moncel,  already  cited 
(Vol.  5,  page  470,  1878),  that  in  1876  Gauduin  discovered  and 
patented  the  fact  that  the  addition  of  salts  of  lime  in  a  sufficiently 
high  proportion,  notably  the  phosphates  of  lime  to  the  amount  of 
10  per  cent  (which  corresponds  to  more  than  5  per  cent  of  lime) 
doubles  the  light  for  an  equal  section  of  carbon,  and  that  the  lumin- 
ous power  of  carbons  of  small  diameter  {Ibid.,  page  472)  is  much 
greater  than  that  of  carbons  of  large  diameter.  He  obtained,  also, 
analogous  results  with  oxides,  chlorides,  silicates,  and  aluminates 
of  lime.  The  same  salts  of  magnesium  gave,  as  well  as  pure  mag- 
nesia, analogous  results,  but  not  so  advantageous. 

Archereau  and  Carre  (Ibid.)  made  similar  statements  in  1877 
concerning  the  salts  of  calcium,  magnesium,  and  strontium  incor- 
porated in  the  paste  of  carbons,  whilst  Jablochkoff  (German  pat- 
ent 663)  employed  clay  and  kaolin  not  only  to  insulate  his  caudles, 
but  also  to  fill  the  central  cores.  Rapiefl'  in  1878,  in  his  lamp  with 
converging  carbons,  understood  also  the  use  of  carbons  containing 
mineral  substances. 

MM.  Michel  and  Barraud  (French  patent  191,720  of  1888)  also 
claimed  the  addition  to  the  paste  of  carbons  of  magnesia,  lime,  or 
kaolin  in  some  proportion.  In  the  French  patents  already  cited 
(291,037  and  293,806  of  1899),  Bremer  claims  all  carbons  con- 
taining more  than  5  per  cent  of  mineral  matter,  with  the  addition 
of  a  flux  for  the  purpose  stated  above.  In  another  patent,  291,106. 
he  claims  the  fluorides,  bromides,  and  iodides  of  lime,  the  only  salts 
of  lime  and  magnesia  of  which  Du  Moncel  had  not  made  mention  in 
the  treatise  cited  above,  and  which  give  to  the  light,  according 
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to  Bremer,  a  yellow  tint  more  agreeable  than  the  other  salts  of 
lime,  which  give  the  light  a  more  ruddy  tint. 

In  the  United  States  attention  was  called  equally  early  to  the 
employment  of  mineral  substances  in  the  carbon.  In  1878 
(U.  S.  patent  210,380)  Weston  suggested  the  employment  of 
single  and  double  metallic  fluorides  in  the  place  of  oxides,  either 
surrounding  the  carbons  or  mixed  with  the  paste  in  a  proportion 
not  indicated,  but  which,  according  to  the  description,  must  be 
quite  large.  In  1890  Head  and  Sanderson  took  up  this  study 
and  occupied  themselves  with  the  introduction  of  mineral  sub- 
stances both  in  the  total  mass  and  in  a  central  core;  but  these 
carbons  were  prepared  not  by  filling,  as  in  the  Siemens'  carbons,  but 
by  sheathing,  and  it  is  difficult  to  know  truly  what  end  was  sought. 
Their  patents  (U.  S.  patents  421,469  and  422,302)  include  an 
incoherent  list  of  simple  and  compound  bodies  which  contains 
nearly  all  the  refractory  or  coloring  bodies  of  chemistry,  between 
which  no  distinction  is  made,  and  many,  to  my  understanding, 
are  more  deleterious  than  useful.  Only  the  proportions  of  the  min- 
eral substances  are  stated  clearly;  the  paste  of  the  carbons  might 
contain  from  1  to  10  per  cent  of  refractory  substances,  and  from 
1  to  20  per  cent  of  coloring  substances;  or  the  central  core  might 
contain  from  1  to  20  per  cent  of  refractory,  and  1  to  20  per  cent  of 
"coloring"  substances  (refractory  substances). 

Another  patent  was  taken  out  in  1900  by  J.  Sander  (English 
patent  9260)  which  claims  the  employment  —  very  difficult  to 
understand  —  of  a  reducing  agent  added  to  the  salts  for  increasing 
the  light.  I  have  found  nothing  in  the  results  of  the  tests  of  tliese 
various  carbons  to  show  that  they  reduce  the  slag  and  smoke  to  a 
less  troublesome  extent  than  in  the  tests  of  Gauduin. 

Researches  of  M.  Bremer. 

It  is  to  ]\I.  Bremer  that  the  honor  belongs  of  having  first  manu- 
factured mineralized  carbons,  but  the  first  lamp  for  utilizing  them 
was  an  usual  arrangement,  of  which  I  shall  make  a  comparative 
criticism  later.  The  researches  of  M.  Bremer  were  completed  in 
1898,  if  we  may  judge  by  the  English  patent  (Xo.  16.552)  which 
refers  only  to  the  addition  to  the  carbons  of  infusible  compounds  of 
lime  or  magnesia.  As  he  does  not  speak  of  slag,  it  is  necessary 
to  conclude  that  these  very  refractory  substances  were  added 
only  in  small  quantities;  he  counsels  this  as  a  means  of  obtaining 
a  more  steady  light,  employing  as  the  positive  electrode  a  pure  car- 
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bon  and  as  the  negative  electrode  a  mineralized  solid  carbon  placed 
above.  There  was  nothing  new  in  these  carbons  in  view  of  the 
work  of  Gaiiduin,  of  which  work  the  inventor  was  ignorant.  In 
1899,  M.  Bremer  took  out  a  series  of  German  patents  (Nos.  118,464, 
118,867,  127,333,  114,314,  114,242,  113,993,  133,703)  which  refer 
especially  to  mineralized  carbons,  and  which  are  the  prototypes  of 
the  principal  foreign  patents.  He  claims  in  particular  the  follow- 
ing characteristic  points,  the  bearing  of  which  the  patents  of  Wes- 
ton. Sanderson,  etc.,  must,  without  doubt,  limit. 

The  addition  of  mineral  substances  to  the  base,  such  as  com- 
pounds of  calcium,  strontium,  and  magnesium,  in  the  proportions 
of  from  20  to  70  per  cent,  for  securing  a  long  and  brilliant  arc.  The 
addition  of  the  salts  of  fluorine,  bromine,  and  iodine,  in  the  pro- 
portions of  at  least  5  per  cent,  to  color  the  light  yellow,  and  of  the 
salts  of  boron  (without  doubt  boric  acid),  potassium,  and  sodium 
to  secure  a  more  regular  light.  The  addition  of  a  flux  such  as 
glass,  borax,  or  the  alkaline  silicates,  etc.,  either  surrounding  the 
carbons  or  in  the  mass  itself,  to  soften  the  refractory  calcareous 
slag,  and  to  facilitate  its  falling  away  in  drops. 

This  employment  of  fluxes  clearly  shows,  as  does  its  mention  in 
other  patents  prior  to  those  of  M.  Bremer,  that  the  great  difficulty 
of  removing  the  slag  which  forms  in  the  arc  between  the  vertical 
carbons  was  understood,  because  (as  is  sho-oTi  in  the  same  pat- 
ents), he  employed  a  mineralized  upper  carbon  (without  protective 
envelope)  placed  above  the  negative  in  order  to  utilize  the  light 
of  its  crater  in  the  best  possible  manner.  Under  these  condi- 
tions the  mineralized  materials  are  volatilized  or  melted  only  if  very 
fusible  (such  as  the  phosphates),  or  when  fluxes  are  added  (such 
as  the  borates  or  boric  acid)  ;  but  then  the  drops  of  melted  slag 
fall  upon  the  negative  pencil  and  obstruct  it.  To  remove  this  in- 
convenience M.  Bremer  has  increased  the  density  of  the  slag  in 
order  to  make  the  drops  run;  the  final  result  being  still  unsatis- 
factory, he  has  been  led  to  change  the  position  of  the  negative 
carbon,  putting  it  no  longer  below  but  at  the  side  and  nearly  parallel 
to  the  positive  carbon.  He  thus  produced  a  special  type  of  electric 
arc  (Fig.  1),  to  which  he  has  been  able  to  give  the  necessary 
stability  only  by  placing  it  in  an  intense  m-agnetic  field,  skillfully 
compounded,  which  projects  the  arc  below  in  the  form  of  a  crescent, 
instead  of  being  allowed  to  rise  above,  following  its  natural 
tendency. 

In  this  manner  the  slag  flows  away  easily,  the  arc  is  almost  stable, 
Vol.  11  —  47 
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and  the  efficiency  is  better  than  with  carbons  one  above  the  other 
as  in  the  ordinary  arrangement. 

Finally,  to  retain  the  vapors  which  are  disengaged,  the  same  in- 
ventor has  surrounded  the  points  of  his  carbons  with  a  truncated 
metallic  cone,  serving,  as  he  thinks,  to  increase  the  efficiency  by 
concentrating  the  heat  of  the  arc,  and  also  to  retain  the  gases  of 
combustion  around  the  carbons  in  such  a  manner  as  to  equalize  auto- 
matically the  combustion  of  the  two  parallel  carbons.  To  regulate 
the  feed  of  these,  M.  Bremer  had  recourse  at  first  to  four  carbons, 
arranged  two  and  two,  as  in  the  lamp  of  Girard  of  1879  (who  also 
employed  the  magnetic  field  blowing  downward) ;  and  afterward 
to  a  system  of  regulating  by  steps,  combined  always  with  the  mag- 
netic field,  which  is  absolutely  necessary.    M.  Bremer  thus  finally 


Fig.  1. —  Bbemeb  arc  lamp. 

arrived,  in  1900,  at  his  well-known  combination,  forming  a  very 
interesting  whole,  of  Avhich  all  the  elements  are  necessary  to  the 
success  of  the  arrangement.  He  has,  however,  stated  repeatedly, 
notably  at  Berlin  on  the  25th  of  March,  1901,^  his  conviction  tbat 
it  is  not  possible  to  use  mineralized  carbons  in  lamps  with  vertical 
electrodes,  and  that  it  is  necessar}'  to  employ  converging  electrodes 
with  their  points  turned  downward  in  order  that  the  slag  may  flow 
away  in  drops  without  interfering  witli  the  regular  action  of  the  arc. 

The  Bremer  lamp  was  exhibited  at  the  Exposition  of  Paris  m 
1900  and  was  an  object  of  much  interest  there.  Its  inventor  has 
added  to  it  since  then  numerous  improvements  of  mechanism  which 
I  will  not  describe  here. 

The  photometric  results  obtained  at  that  time,  which  have  been 

1.  Elek.  ZevL,  1901,  April  4,  p.  304. 
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published  by  M.  Wedding,^  and  by  M.  Lajjorte,'  were  inferior  to 
those  now  obtainable;  the  carbons  contained  principally  fluoride 
of  calcium  and  borax  and  gave  a  very  yellow  light,  soui^what  dis- 
agreeable,  but  which  has  been  much  improved  since. 

Researches  of  the  Author. 

About  this  time,  1900.  being  struck  by  the  defects  of  converging- 
carbons  with  respect  to  symmetrical  distribution  of  the  light  rays 
and  lack  of  steadiness  of  the  light,  and  of  the  imperfect  arrange- 
ment of  the  mechanism  of  the  Bremer  lamp,  I  undertook,  in  my 
turn,  a  study  of  the  problem  of  mineralized  carbons  in  the  hope  of 
obtaining  a  lamp  with  a  reflector  and  employing  vertical  carlwiiH. 
I  employed  at  first  carbons  of  varying  composition  with  elec- 
trodes of  greater  length,  producing  an  electrodynamic  rotation  of 
the  arc  to  render  it  steady,  but  I  had  to  renounce  this  idea  since- 
this  rotation,  which  enlarged  the  base  of  the  arc,  diminished  very 
greatly  the  efficiency.  In  order  to  concentrate  and  aid  the  flow  of 
the  slag  from  the  arc,  the  anode  (strongly  mineralized)  was  placed 
at  the  bottom,  below  a  cathode,  pure  or  «;liglitly  mineralized,, 
shielded  by  a  hood  from  cooling  (without  which  proraution  all 
vapors  would  condense  upon  it).  Later  I  discovered  that  if  I 
increased  the  mineralization  heyond  25  per  cent,  it  was  necessarr 
to  get  rid  of  the  slag  to  prevent  the  oxidation  of  the  carbon  which 
served  as  a  support  to  the  mineral  materials,  and  T  was  then  led 
to  preserve  the  mineralized  carl'on  by  a  thin  envelope  made  of 
pure  carbon  which  forms  a  shield  up  to  the  incandescent  point ;  the 
thickness  of  the  envelope  must  be  determined  so  that  it  will  burn 
a  little  more  slowly  than  the  mineralized  portion,  and  the  arc  must 
be  always  maintained  upon  the  latter,  which  it  will  not  completely 
cover,  and  must  never  form  upon  the  pure  carbon,  which  gives  a 
short  and  dim  arc.  This  envelope  of  which  the  thickness  in  gen- 
eral is  1/5  to  1/7  of  its  diameter  in  a  lower  anode  of  my  lamp,  and 
which  must  be  still  thinner  in  lamps  with  converging  carbons,  has 
then  a  purpose  ver\-  diff'crent  from  that  of  the  thick  mantels  of  the 
cored  carbons  (Dichtkohlen,  Effektkohlen)  of  German  manufac- 
tures; in  the  latter  the  arc  covers  not  only  the  entire  core  which 
l)urns,  but  also  the  mantel  of  carbon  and  tends  to  be  displaced  and 
to  quit  the  core  when  currents  of  high  density  are  employed.  On 
the  contrary,  with  my  carbons  the  very  contracted  base  of  the  arc 

2.  Elek.  Zeit..  1902,  Feb.  22. 

3.  BuUeiin  Soc.  Int.  des  Elec,  July  3,  1901,  pp.  364,  365. 
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"wanders  over  the  mineralized  body  without  a  chance  of  changing 
color,  and  we  may  then  use  densities  of  current  lower  than  in  or- 
dinary carbons  without  the  danger  of  slag.  With  higher  current 
densities  comparable  to  those  of  cored  carbons,  one  may  add  advan- 
tageously one  or  several  cores  rich  in  salts  of  potassium  which  con- 
centrate the  arc  and  aid  the  economy.  Finally,  to  improve  the 
<}uality  of  the  light  and  its  steadiness,  I  have  undertaken  with  the 
■collaboration  of  Mr.  Dobkevich  —  the  assistant  in  my  laboratory* — 
:a  series  of  researches  upon  the  influence  of  various  mineralized 
•materials  and  the  best  proportions  of  each  component  of  the  elec- 
trodes. "We  have  been  led  to  understand  with  M.  Bremer  that  the 
:salts  of  calcium  are  those  which  olfer  the  best  economy,  notably 
the  fluoride  of  calcium,  but  we  add  to  it  "  regulator  "  salts  which 
augment  the  light  and  render  it  more  white  and  more  steady.  The 
quality  obtained  to-day  appears  to  escajje  the  reproaches  addressed 
formerly  to  this  species  of  carbon,  and  very  good  results  are  at- 
tained with  alternating^  currents  as  well. 

A  study  of  this  nature  is  unhappily  confined  to  the  empirical 
method,  for  we  know  nothing  of  the  general  laws  of  the  radia- 
tion of  mineral  vapors  at  high  temperatures,  and  spectrum  analy- 
sis has  been  able  only  to  show  us  that  the  spectrum  of  the  mineral- 
ized arc  is  of  brilliant  discontinuous  bands  without  our  being  able 
to  establish  the  laws  of  correlation  between  them  and  that  of  the 
component  bodies.  In  particular,  the  spectrum  obtained  by  means 
of  fluoride  of  calcium  bears  no  resemblance  to  that  of  the  other 
salts  of  calcium,  and  it  is,  moreover,  more  brilliant. 

x\nother  important  advantage  of  the  employment  of  a  pure  or 
sliglitly  mineralized  upper  electrode  is  that  it  permits  of  the  easy 
relighting  of  the  arc,  since  the  point  of  the  lower  electrode  is  not 
covered  with  slag,  while  if  the  upper  electrode  is  strongly  mineral- 
ized, there  will  remain  a  drop  of  slag  which  becomes  an  insulator 
when  it  cools. 

4.  I  have  pleasure  in  speaking  of  the  very  excellent  aid  cf  Mr.  Dob- 
kevich to  add  that  he  has  been  my  assistant  during  all  these  studies,  ami 
has  taken  a  most  active  part  throughout  the  execution  of  all  the  experi- 
ments and  of  the  photometric  measures.  Latterly  he  has  collaborated  also 
in  the  getting  out  of  the  latest  model  of  the  lamp  (1904),  and  it  is  he  who 
has  directed  and  brought  to  tlie  commercial  stage  the  carbons  of  the 
i''rench  Society  of  Jncandesceiit  Gas  Lighting  (Aiier  System)  of  which  he 
is  iit)w  the  laboratory  director.  This  work  has  not  been  without  the 
<'ncounter  of  seriouti  ditliculties,  over  which  he  has  been  able  to  triumph 
completely. 


Fio. 


Fig.  4. 


11  —  741 


BLONDEL:     ARC  LAMPS. 


741 


Lamps  of  the  Author. 
The  lamps  I  have  made  to  use  with  coated  carbons  are.  as 
in  the  case  of  lamps  for  the  flaming  arc  constructed  in  Germany, 
of  the  type  known  as  open-arc  lamps,  but  they  are  distiuguislicd  by 
some  characteristic  peculiarities.  In  order  to  prevent  the  fume? 
from  escaping,  the  globe  is  closed  at  its  upper  part  by  a  shutter, 
through  which  the  lower  part  of  tlie  carbon  passes  in  a  central  in- 
sulating bushing,  wliich  is  surrounded  by  a  condenser  or  reflector 
of  refractory  matter,  or  of  metal,  which  retains  the  greater  part 
of  the  vapors.    Unlike  the  construction  of  the  Bremer  lamps^this 


Fig.  2. —  Blondel  arc  lamp. 


condenser  is  large  and  very  wide,  in  order  that  the  fumes  near 
the  arc  may  be  condensed  rapidly  by  offering  a  large  surface  of 
deposit.  The  gas  finally  passes  outside  by  way  of  openings  through 
the  protecting  shutter.  In  another  type  the  gas  follows  a  much 
longer  route  through  vertical  holes  to  a  chamber  with  double  walls 
(Fig.  2),  surrounding  the  upper  portion  of  the  lamp,  with  open- 
ings or  fixed  tubes  below  to  conduct  the  gas  outside  of  the  com- 
partment. The  globes  of  these  open-arc  lamps  are  furnished  with 
an  opening  to  facilitate  the  circulation  of  the  gas.  I  have  also 
made  a  type  of  inclosed  arc  lamp  in  which  the  gas,  instead  of  es- 
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caping,  circulates  in  closed  passages  and  deposits  therein  the 
solid  matter  as  fast  as  produced. 

The  mechanism  of  these  lamps  is  differential  and  resembles 
that  of  open  arc  lamps,  but  differs  in  special  details  suggested  by 
experience,  notably  having  an  angle  of  illumination  much  greater, 
reacliing  10  to  25  per  cent  in  place  of  3  to  5  per  cent  with  lamps 
with  ordinary  carbons,  and  having  a  greater  sensitiveness  and 
rapidity  of  action.  My  most  recent  type,  devised  with  the  collabora- 
tion of  M.  Dobkevitch,  is  more  simple  than  those  just  described, 
realizing  better  the  conditions  above  and  in  damping  of  oscilla- 
tions. It  is  applicable  to  both  inclosed  and  open  arcs  and  to  alter- 
nating currents,  as  well  direct  currents,  by  modification  only  of 
the  electro-magnets. 

Having  thus  described  the  carbons  and  the  lamps,  I  will  now 
discuss  the  arrangements,  the  theoretical  considerations,  and  experi- 
mental results.' 

Characteristic  Aspects  of  the  Arcs  of  the  Lam-ps  of  the  Author. 

These  are  in  general  composed  of  the  alkaline  earth  bases,  which 
give  the  best  results  from  the  point  of  view  of  the  production  of 
light,  as  was  noted  25  years  ago  by  Gauduin,  Archereau,  and  Carre. 
In  the  experiments  here  detailed,  I  have  considered  more  particu- 
larl\'  the  case  of  solid  electrodes  formed  of  an  intimate  mixture  of 
carbon  and  of  one  of  the  salts  of  calcium,  notably  the  fluorites, 
which  are  particularly  suitable  for  this  application.  Since  the 
employment  of  cores  containing  the  same  mineral  substances  caused 
the  arc  to  form  partly  upon  the  core  and  partly  on  the  carbon 
and  pass  sometimes  from  one  to  the  other,  these  will  not  be  con- 
sidered. 

The  principal  phenomenon  which  has  been  noted  before  with  the 
mixed  carbons  is  the  lengthening  of  the  arc.  For  equal  voltage,  a 
■continuous-current  arc  easily  quintuples  its  length  with  respect  to 
arcs  between  solid  carbons.  Besides,  the  aspect  of  the  arc  with 
strongly  mineralized  carbons  becomes  quite  abnormal  (see  Figs.  3, 
4)  ;  there  is  no  longer  upon  the  positive  carbons  a  great  and  very 
brilliant  crater,  but  merely  a  very  small  surface  of  vaporization  giv- 
ing a  light  not  much  superior  to  that  of  tlie  arc.  which  becomes  ex- 
tremely brilliant  over  a  certain  length.    It  is  the  arc  which  becomes 

5.  I  have  been  helped  particularly  with  photofjraphs  and  curves  by 
Messrs.  Raponot  and  Betliinod,  who  have  done  excellent  and  active  work 
for  me,  and  I  thank  them  here. 


Fig.  5. 


Fig.  (5. 
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the  principal  source  of  light;  aiiotlier  brilliant  spot  is  formed  iifjon 
the  surface  of  the  negative  carbons,  of  -which  tlic  light  is  compar- 
able to  that  of  the  positive,  but  the  arc  remains  large  and  cloud- 
like at  the  negative  carbon  when  the  latter  is  l)elow  and  of  pure 
carbon,  and  forms  often  a  brilliant  brush.  It  attaches  itself  to 
the  positive  carbon  if  the  negative  carbon  is  below  and  mineralized 
(Figs.  4,  5). 

However,  if  one  increases  progressively  the  proportion  of  min- 
eral substances,  the  arc  grows  shorter,  and  if  it  happens  to  come 
to  a  spot  purely  mineral,  such  as  a  pocket  of  lime  or  of  burnt  mag- 
nesia, it  becomes  very  short.  This  results  in  practice  in  continual 
and  important  variations  of  the  lengthening  of  the  arc  between 
mineralized  carbons,  according  as  the  vaporization  of  the  mineral 
substances  is  more  or  less  active.  The  maximum  lengths  appear  to 
be  reproduced  with  the  mineralizations  between  20  and  30  per  cent. 

The  existence  of  this  seeming  maximum  may  be  explained  l)y  the 
phenomena  of  ionization  in  the  arc,  of  which  I  will  speak  further 
^)n  in  detail. 

Analogies  hetween  the  Arcs  between  Mixed  Carbons  and  the  Arcs 
between  Pure  Carbons  or  between  Metals. 

It  is  very  curious  that  the  arc  saturated  with  the  mineral  vapors 
of  the  salts  of  calcium  such  as  we  have  mentioned  presents  the 
-ame  characteristics  as  to  quality  as  the  arc  between  solid  carbons, 
as  compared  with  arcs  between  ordinary  cored  carbons,  of  which  the 
ordinary  core  is  formed  of  a  mixture  of  carbon  with  the  salts  of 
sodium  and  of  potash.  The  first  of  these  characteristics,  estal)Iished 
by  the  remarkable  and  to-day  classic  work  of  Mrs.  Ilertha  Ayrton,^ 
is  in  that  the  law  of  variation  of  the  voltage  between  the  electrodes 
as  a  function  of  the  length  of  the  arc  at  a  constant  current  inten- 
sity, is  linear,  within  the  particular  limits  I  employ.  Now  it  fol- 
lows from  the  analogous  curve  (Fig.  7)  relating  to  4  carbons  of 
10  mm  containing  about  50  per  cent  of  mineral  matter,  with  a 
rurrent  of  from  3  to  5  amperes,  that  the  voltage  varies  very  sensibly 
from  the  linear  law  in  limits  from  zero  to  30  per  cent. 

A  second  characteristic  of  the  solid  carbons,  which  I  established 
hi  1892,'  and  which,  as  I  have  stated  since,  is  common  to  them  and 

6.  H.  Ayrton,  "  The  Electric  Arc,"'  London,   1902. 

7.  Soci6t6  Frangaise  de  Physique,  April,  1892;  International  Electrical 
Congress  at  Chicago,  1893;  and  above  all  "New  Researches  upon  the 
Alternating  Arc"  in  La  Lumiere  Electrique,  September,   1893. 
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to  the  pure  metals,  is  that  they  give  with  alternating  currents  an 
arc  of  a  disruptive  nature;  that  is  to  say,  presenting  sudden  bursts 
of  light  with  a  rise  of  voltage  in  each  cycle,  which  is  particularly  in 
evidence  when  the  feed  circuit  is  non-inductive.  I  have  then  been 
led  to  study,  by  means  of  the  oscillograph,  as  in  my  preceding  work 
upon  the  alternating  arc,^  the  periodic  curves  of  the  arc  between 
mineralized  carbons.  Figs.  8  and  9  represent  the  curves  thus 
obtained  with  currents  of  8  or  9  amperes  with  carbons  similar  to 
the  preceding,  but  of  9  mm  diameter.  Fig.  8  was  obtained  on  a 
non-inductive  circuit  and  Fig.  9  on  a  circuit  with  considerable 
self-induction.  We  may  say  that  these  curves  have  precisely  the 
form  typical  for  solid  carbons,  while  carbons  with  ordinary  cores 
give  rounder  curves  and  without  extinction  with  prolonged  current. 
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Fig.  7. 

The  limy  mineral  vapors  of  the  incandescent  arc  present,  then, 
analogous  properties  to  those  of  carbon  and  different  from  those  of 
the  vapors  of  the  alkaline  salts. 

These  properties  are  those  of  arcs  between  pure  metals  and  are 
explained,  I  believe,  by  the  sudden  cessation  of  conductivity  by 
transport  of  the  ions  at  the  moment  of  extinction,  and  the  impos- 
sibility of  relighting  without  raising  the  voltage  to  a  point  at  which 
there  will  be  ionization  propagated  as  a  discharge  from  the  negative 
pole.  It  is  thus  that  I  have  explained  lately^  the  curious  diss}Tn- 
metry  of  the  arcs  between  metals  and  carbon.  On  the  other  part 
I  have  noted  that  with  solid  pure  carbons,  the  phenomenon  of  pro- 


8.  C'omples  Rendus,  December,  1898,  and  March,  1899. 

9.  Revue  ginerale  des  Sciences,  30th  July,  1901. 


Fig.  8. 
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longed  zero  is  especially  marked,  accompanied  by  small  current,  as 
indicated  in  Fig.  8,  which  do  not  permit  ionization  of  other  gases 
between  the  electrodes.  We  might,  I  believe,  conclude  that  this 
phenomenon  is  one  which  cliaracterizos  purely  ionic  conductivity  of 
pure  opposed  vapors.  If  the  alternating  arc  between  cored  carbons 
of  commerce  presents  on  the  contrary  rounded  curves,  and  acts,  as 
we  might  say,  as  a  simple  dead  resistanee,^^  the  case  is  very  simple, 
riince  the  conductivity  is  artificially  increased  by  the  addition  of  salts 
of  sodium  and  potassium  in  the  cores ;  the  alternating  arc  between 
electrodes  of  pure  carbon  and  with  the  presence  of  foreign  gases, 
gives  discontinuous  phenomena  of  exactly  the  same  order  as  those 
which  we  have  observed  with  the  arc  betM-een  mercury,  and  more 
generally  between  metals  in  the  open  (for  mercury  is  not  excep- 
tional from  this  point  of  view). 

In  passing,  I  desire  to  point  out  a  bearing  which  the  curve  of  Fig. 
8  offers  relative  to  alternating  currents.  There  is  a  very  liright 
j3oint.  at  each  relighting,  whilst  the  current  remains  sensibly  nil. 
There  results  a  very  great  reduction  of  the  power  factor  (and  not 
of  phase,  as  has  often  been  said).  Again  the  form  of  the  voltage 
curve  is  such  that  the  current  produced  in  the  shunt  coil  of  the 
lamp  is  smaller  than  in  the  case  of  a  current  of  ordinary  sinusoidal 
form  corresponding  to  the  same  mean  effective  voltage.  Finally,  for 
the  same  reason,  the  length  of  the  arc  is  often  reduced  compara- 
tively to  that  of  an  ordinary  arc.  The  same  effect  is  produced, 
however,  when  a  mineralized  incandescent  arc  is  fed  with  rectified 
current  not  produced  continuously  by  means  of  a  Pollak  or  Xodon 
electric  valve;  the  action  ceases  to  have  any  relation  with  that  given 
by  a  really  continuous  current. 

Theoretical  Considerations  upon  the  Arrangement  of  the  Electrodes. 
One  of  the  most  important  questions  which  follows  the  employ- 
ment in  electrodes  of  mineral  substances  is  knowing  what  role  they 
play  in  the  production  of  the  arc  and  in  what  form  of  electrode 
they  may  preferably  be  introduced.  The  interest  of  this  question 
is  increased  by  the  fact  that  very  different  solutions,  some  even 
opposite  in  character,  have  been  suggested  by  various  inventors. 
Steinmetz,  being  inspired  by  the  phenomena  of  the  mercury  arc^* 
recommends  the  mineralizing  of  the  cathode.     Wedding  having 

10.  Comptes  Rendus,  December,    1899. 

11.  .Electrical  World  &  Engineer,  1904,  loc.  dt. 
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counseled  the  mineralizing  of  both  electrodes/^  we  find  several 
manufacturers  in  Germany  employing  flaming  carbons  side  by  side 
for  the  two  electrodes.  For  my  part,  I  prefer  to  concentrate  the 
greater  part  of  the  mineral  substances  in  the  anode.  As  has 
just  been  seen,  each  of  these  dispositions  may  find  theoretical  jus- 
tification and  it  is  for  experience  to  decide  which  is  the  best. 

Following  present  ideas  as  to  electrons,  it  seems  reasonable  that 
the  arc  is  formed  to  carry  the  ions.  For  a  long  time  only  the 
carrying  of  the  positive  ions  from  the  anode  to  the  cathode  has 
been  considered,  since  these  have  a  greater  mass  than  the  negative 
electrons;  they  are  more  visible  and  the  excess  of  their  mass  gives 
place  in  the  arc  between  carbons  to  an  apparent  transport  of  matter 
from  the  positive  to  the  negative  pole.  I  have  measured  the 
\olocity  of  this  transport  and  shown  that  it  is  of  the  order  of 
some  hundreds  of  meters  per  second. ^^  More  recently  Mr.  Child^* 
has  shown  by  the  same  method  that  the  cathode  emits  rays  having 
a  still  greater  velocity  of  propagation,  and  which  must  be  at- 
tributed to  the  electrons  thrown  out  from  the  cathode  before  the 
establishment  of  the  current  of  anodic  ions.  As  we  have  seen  above, 
there  is  a  sort  of  initial  discharge  analogous  to  a  disruptive  dis- 
charge, and  which  explains  very  simply  the  dissymmetry  of  the 
arc  between  metals  and  carbon ;  a  metallic  electrode  having  a  rate 
of  cooling  greater  than  that  of  an  electrode  of  carbon,  the  initial 
ionization  of  the  cathode  can,  in  fact,  only  be  produced  by  the 
application  of  a  voltage  great  enough  to  produce  a  disruptive  dis- 
charge sufficient  to  start  vaporization  at  a  point. 

This  phenomena  of  initial  ionization  of  the  cathode  is  still  more 
easily  observable  in  the  arc  from  mercury,  and  has  been  thus 
studied  more  completely  by  Cooper-Hewitt,^°  Weintraub,^®  etc. 
Sometimes  the  negative  electrons  are  discharged  against  the  sur- 
face of  the  anode  and  heated  by  their  repeated  shocks;  if  the 
temperature  which  is  reached  is  below  the  point  of  volatilization 
of  the  anode,  the  latter  plays  only  a  passive  role,  evidenced  by  a 
small  loss  of  voltage  at  contact.  This  is  the  case  with  the  iron 
anode  in  the  Cooper-Hewitt  lamps,  having  a  loss  of  2.5  watts  as 

12.  Elek.  Zeit.,  loc.  cit.,  1902,  H.  32. 

13.  A.  Blondel,  Recherches  sur  Tare  electrique  (third  article),  Lumiire 
Electrique,  1891. 

14.  Cliild,  I'hyftical  Review,  1900,  No.  10,  p.  151. 

15.  Elrctrical  World  &  Engineer,  1902,  and  Von  Recklinghausen,  Elek. 
Zeit.,  1902,  II.  .S3. 

16.  Weiutiaub,  Phil.  Mag.,   1904. 
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compared  with  5  watts  at  the  eathode.  On  the  other  hand,  if  the 
anode  attains  tlie  point  of  volatilization,  as  is  the  case  with  the  are 
between  two  carbons  or  between  mercury,  it  is  vaporized  in  its 
tnm.  throwing  out  positive  ions.  The  mass  of  the  latter  boinf^ 
much  larger  than  that  of  the  electrons,  the  work  done  at  the  sur- 
face must  be  much  greater.  The  fall  of  potential  at  the  anode 
and  the  temperature  must  be  greater  than  at  the  cathode,  and  the 
surface  of  volatilization  itself  is  more  generall}'-  larger. 

This  circumstance  shows,  in  fact,  that  the  arc  between  carbons 
is  short  and  that  the  vapors  of  carbon  have  a  very  feeble  emissivo' 
power,  the  same  result  being  produced  as  in  the  ordinary  arc 
between  carbons,  almost  all  of  the  light  coming  from  the  crater 
of  the  positive  electrode.  On  the  contrary,  the  slight  brilliancy 
(due  to  the  low  temperature)  of  electrodes  in  mercury,  the  high 
emissive  power  mercury  va])or,  and  the  great  length  of  the  are 
produced  in  vacuum  by  the  volatilization  of  the  cathode  alone,, 
bring  out  the  fact  that  in  the  mercury  arc  the  essential  role  from 
the  point  of  view  of  light  belongs  to  the  gaseous  column,  and  that 
a  mercury  anode  of  mercury  is  useless,  even  disadvantageous  prac- 
tically, since  it  emits  too  much  mercury  vapor,  producing  in  th& 
tube  a  high  pressure  which  increases  the  resistance.  This  increased 
resistance,  first  studied  by  Cooper-Hewitt,  might  be  explained,  as- 
Weintraub  suggested,  by  the  fact  that  the  molecules  of  the  inert 
vapor  prevent  the  passage  of  the  ionic  molecules  traveling  at  a 
great  velocity.  The  qiiantity  of  the  inert  vapor  is  reduced  by  the 
employment  of  a  non-volatili sable  anode,  such  as  iron,  and  by  a 
chamber  for  the  condensation  of  the  non-ionized  vapor. 

The  electrons  coming  from  the  cathode,  of  which  the  mass  con- 
stitutes only  a  very  small  part  of  the  mass  of  vapor  produced,  are 
discharged  by  contact  with  the  anode,  liberating  very  small  masses 
of  matter  which  served  them  for  support  and  which  are  then  con- 
densed.   This  is  the  theory  of  M.  Weintraub.^^ 

17.  In  reality  this  cannot  be  asserted  positively,  because  our  knowledge 
is  imperfect  as  to  the  ionization  of  a  non-volatilizable  electrode.  I  be- 
lieve, however,  that  a  part  of  the  atoms  of  free  vapor  is  positively  ionized 
by  contact  with  the  anode,  and  that  the  positive  ions  in  this  form  are 
carried  in  their  turn  toward  the  cathode  as  well  as  the  ions  produced 
by  volatilization  of  the  mercury  anode.  This  partial  ionization  of  the 
vapor  by  contact  with  the  anode  of  iron  is  not  demonstrated,  however,  by 
the  fall  of  the  potential  of  2%  watts  found  at  the  iron  anode  instead  of 
8  watts  at  a  mercury  anode,  for  tlie  work  thus  lost  would  not  suffice 
for  the  ionization  of  the  anode  and  correspond  simply  for  the  effect  of 
shock  of  the  electrons  upon  the  anode;  the  heat  being  dissipated  bj- 
conductivity  and  radiation  at  the  anode. 
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^Ye  are,  then,  forced  to  admit  that  in  the  electric  arc,  contrary 
to  the  ideas  formerly  received,  it  is  the  cathode  which  plays  the 
principal  role.  Certain  authors,  notably  Stark^'^  and  Steinmetz" 
liave  concluded  also  that  the  volatilization  of  the  cathode  is  an 
essential  condition  of  the  persistence  of  the  arc,  and  that  the 
mineral  vapors  of  the  arc  come  exclusively  from  the  cathode.  We 
can  thus  realize  an  arc  between  a  volatilized  cathode  and  a  fixed 
inert  anode,  but  not  inversely  between  a  volatilized  anode  and  an 
inert  cathode.  There  is,  I  believe,  a  confusion  between  the  state 
at  starting  the  arc  and  the  permanent  state,  for  I  have  found 
that  we  can  maintain  the  arc  perfectly  (after  it  has  been  started 
by  contact)  between  a  mineralized  carbon  as  anode  and  a  heavy 
•cathode  of  copper,  which  does  not  seem  to  volatilize  at  the  low 
temperature  of  the  arc  and  on  which  we  may  see  the  vapors  con- 
dense in  drops.  The  photographs  of  the  arc  with  the  upper  carbon 
of  the  cathode  seem,  however,  often  to  indicate  that  volatilization  is 
not  necessary  at  the  cathode;  that  even  ionization  by  contact'  with 
the  vapors  takes  place  at  the  anode. 

Gunther  Schulze-*'  has,  however,  recently  shown  that  the  fall 
of  potential  at  the  surface  of  a  cathode  of  carbon  opposite  a  metallic 
anode  is  the  same  as  that  of  a  metallic  cathode  if  it  is  surrounded 
with  the  vapors  of  the  anode,  or  as  that  of  a  pure  carbon  if  it  is 
more  distant  from  the  anode.  However  this  may  be,  the  solution 
reached  by  Mr.  Steinmetz  rests  upon  the  following  principles : 

1).  It  is  the  cathode  which  must  be  formed  of  mineralized  sub- 
stances to  the  exclusion  of  the  anode.  He  employs  magnetite  in 
pressed  sticks  which  are  consumed  very  slowly  and  give  a  beautiful 
white  light. 

2).  All  vaporization  of  the  anode  is  useless,  contrary  to  the  ideas 
held  by  European  manufacturers  of  mineralized  arc  lamps,  and  in 
•consequence  should  be  avoided  by  the  employment  of  a  block  of 
■copper  capable  of  dissipating  the  lieat  and  thereby  preservinc:  a  low 
temperature. 

This  combination  is  very  ingenious  and  elegant,  and  will  be  very 
advantageous  from  the  point  of  view  of  simplicity  and  length  of 
life,  since,  as  I  have  shown  above,  a  cathode  is  used  much  less 
<juickly  than  an  anode,  owing  to  the  small  mass  of  matter  necessary 

18.  Stark  "  Kenntniss  des  Lichtbogens,"  Annale7i  der  Physik,  1003, 
No.  12. 

19.  C.  P.  Steinmetz,  "  The  Magnetite  Arc  Lamp,"  Electrical  World  d 
I'luiineer.  Maroh  21.   1004. 

20.  Oiintlior  Schulzo,  "  Spannungsverlust  in  Elektrischen  Lichtbogen," 
Annalen  der  rhysilc,  1903,  No.  12. 


BLONDEL:     ARC  LAMPS.  74^ 

to  carry  the  electrons  and  the  much  lower  temperature;  but  in  this 
case,  as  in  that  of  arcs  between  carbons  in  the  free  air,  the  small 
consumption  of  electrodes  seems  to  be  obtained  only  at  the  cost 
of  a  reduction  in  efficiency,  for  the  latter  is  much  inferior  as  we 
will  sliow  later  by  the  figures  of  tests  of  arcs  with  mineralized 
anode.     (See  Table  II.) 

Quite  different  ideas  have  giiidcd  the  dcTclopment  of  my  lamp, 
Arhich  results  from  experiments  with  mineralized  carbons  by  vari- 
ous methods  —  photographic,  photometric,  and  study  of  curves  of 
the  electrical  conditions,  which  will  be  shown  below.  Experience- 
with  the  mercurv'  arc  shows,  it  is  true,  that  the  volatilization  of  the 
cathode  and  a  fortiori  of  the  anode  of  an  arc  produces  in  gonenil 
more  vapor  than  is  necessary  for  the  transport  of  the  electrons,, 
but  it  does  not  establish  that  this  vapor  would  be  useless  if  we 
knew  how  to  bring  it  to  a  high  temperature  at  which  it  would 
supply  light.  Now  the  temperature  of  a  volatilizable  anode  is 
higher  than  that  of  the  cathode  of  the  same  composition,  and  ought 
then  bring  the  mineralized  vapors  which  escape  to  a  degree  of 
incandescence  higher  than  if,  in  the  same  position,  it  were  a 
cathode.  Experiment  has  completely  confirmed  this  presumption^ 
as  the  comparative  figures  of  Table  I  will  show. 

A  mineralized  carbon  placed  below  gives  as  cathode  0.513  watt 
per  decimal  candle;  as  anode  0.147  watt.  The  same  mineralized 
carbon  placed  above  gives  as  cathode  0.491  watt  per  decimal  candle; 
as  anode  0.167  watt.  This  shows  that  on  leaving  the  anode  the 
mineralized  vapors  are  more  brilliant,  despite  their  greater  abun- 
dance, than  when  leaving  the  cathode.  We  may  observe  this  easily 
by  looking  at  the  arc  directly  through  a  piece  of  blackened  glass, 

A  second  condition  which  influences  the  mean  temperature  of 
the  vapors  in  the  arc  is  the  disposition  of  electrodes  with  relation 
to  the  arc.  If  we  place  the  mineralized  anode  above  the  cathode 
we  will  observe  that  the  arc  is  very  brilliant  near  the  anode,  but  falls 
off  rapidly,  since  the  greater  part  of  the  inert  mineralized  vapors,. 
m  place  of  following  the  flow  of  current,  are  separated  from  it 
and  rise  about  the  anode  under  the  influence  of  the  ascending 
current  of  warm  gas,  losing  their  brilliancy.  On  the  other  hand, 
if,  contrary  to  custom,  we  place  the  anode-  below,  the  inert  vapors 
ascend  naturally  in  the  same  manner  as  the  arc  and  give  out  their 
heat  to  the  arc,  which  remains  brilliant  and  clear  througliout. 
We  have  a  true  phenomenon  of  incandescence  in  such  mineralized 
substances  heated  by  means  of  the  electric  arc.    I  will  return  later 
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to  the  peculiarities  of  this  phenomenon  with  relation  to  the  qnan- 
tit}'  of  mineralized  substance. 

This  difference  between  the  arc  arrangements  is  easily  observed 
hy  taking  direct  observation,  and  may  be  clearly  seen  from  photo- 
graphs, notably  those  reproduced  in  Figs.  4  and  5.  In  order  to 
eliminate  the  actinic  effect  of  the  dark  arc  which  masks  in  part 
the  real  luminous  phenomena,  a  part  of  the  negative  has  been 
printed  with  the  interposition  of  a  yellow  screen  which  arrests 
the  more  refrangible  part  of  the  spectrum.  Figs.  4  and  5,  which 
show  an  arc  of  5  amperes  with  anode  above  and  then  below,  have 
been  thus  taken.  In  the  case  of  Fig.  3,  on  the  contrary,  a  blue 
glass  was  used,  which  arrested  the  complementary  rays. 

The  arrangement  of  a  strongly  mineralized  anode  below  a  pure 
•cathode,  used  for  the  first  time  in  my  lamp,  produces  an  increase 
•of  the  mean  intensity  of  the  arc,  naturally  greater  as  the  arc  is 
longer;  while  not  great  with  very  sliort  arcs,  the  increase  of 
economy  becomes  important  for  long  arcs  obtained  with  voltages 
in  the.  neighborhood  of  50,  despite  the  small  increase  of  loss  by 
Teflection  of  rays  downward  from  the  reflector  which  surrounds 
i;he  arc.-^  A  photometric  test  made  with  commercial  carbons  after 
■my  patents  by  the  Societe  Auer,  and  summed  up  in  Table  I,  puts 
'this  phenomenon  clearly  in  evidence;  for  with  the  same  carbons, 
the  anode  mineralized  and  the  cathode  pure,  the  following  efficien- 
cies were  obtained:  The  first  column  referring  to  a  mineral  anode, 
the  second  to  two  mineralized  electrodes,  and  the  third  to  a  cathode 
alone  mineralized. 

AVith  anode  below:  0.147  watt  per  decimal  candle;  0.135;  0.491 
With  anode  above:  0.167  watt  per  decimal  candle;  0.143;  0.513 

On  the  other  hand,  the  curves  in  Fig.  15,  which  represent  the 
Hux  of  the  light  (determined  directly  by  a  luminometer  in  mean 
hemispherical  candle-power)  as  a  function  of  variable  voltage 
under  a  constant  current  of  5  amperes  with  test  carbons  containing 
about  5  per  cent  of  fluoride  of  calcium  added  to  the  mineral  mass, 
show  how  the  superiority  of  the  second  solution,  curve  B,  over  the 
first,  curve  A ,  progressively  increases  al)ove  40  volts. 

Table  I  also  gives  the  increase  of  light  which  may  be  obtained 
oy  mineralizing  the  cathode  itself,  but  shows  that  it  is  small  pro- 
portionately to  the  light  gained  by  the  mineralization  of  the  anode. 

21.  The  cuiployTiiont  of  a  restricted  combustion  chamber  surroundinjj 
tlio  arc,  first  usod  by  ^Nf.  Bremer,  may  help  io  increase  tlie  tempcrattne; 
l)iit  I  have  learned  tluit  the  absorption  of  li^ht  ])roduecd  by  vapors  thua 
retained  around  the  arc  diminislies  the  total  economy. 
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Some  difficulties  of  a  practical  order  result  from  the  slag  which 
forms  around  the  upper  electrode,  it  being  troublesome  always  to 
obtain  practically  this  supplementary  mineralization,  as  we  will 
see  later. 


Table  I. —  Comparison  of  the  Efficiency  of  Illumination  Ob- 
tained WITH  Different  Arrangements  of  Mineralized  Car- 
bons (M)  AND  Pure  Carbons  with  Ordinary  Cores  (P). 


Polarity,     diameter    and 
nature  of  the  carbons. 

Mean  amperes  and 
volts. 

Electric 

energy, 

watts. 

Mean 
spherical 
intensity 
decimal 
candles.' 

Specific 
consump- 
tion watts 
per  decimal 
candle. 

Lower. 

Upper. 

Amperes. 

Volts. 

-f  9mm(M) 

-7     "     (P) 
—  9    "     (M) 
-9    "     (M; 
-f9    "    (M) 
+  7    "    (P) 

—  7  mm  (P) 

+  9    "    (M) 
--7    "     (P) 
4-9    "     (M) 

—  9     "     (M) 
— 9    "    (M) 

3.03 
3.09 
3.14 
3.05 
3.11 
2.93 

44.4 
43.0 
89.1 
42.7 
44.0 
46.0 

134.5 
132.9 
123.8 
130.2 
136.8 
135.0 

914.6 

7H2.2 
239.4 
908.0 
1,090.8 
273.0 

0.147 
0.1P7 
0.513 
0.148 
0.125 
0.491 

The  phenomena  of  the  anode  and  the  cathode  are  equally  in 
evidence  in  photographs  of  horizontal  arcs  between  horizontal 
carbons.  We  see  that  vapors  produced  from  the  mineralized 
electrode  ascend  for  the  greater  part;  also  that  they  have  left 
the  surface,  and  what  remain  in  the  arc  diminish  its  bright- 
ness and  become  brilliant  only  in  the  neighborhood  of  the  sec- 
ond electrode,  even  when  that  is  not  mineralized.  A  brush  at 
a  point  on  the  surface  indicates  a  cathodic  flux  or  stream  of  elec- 
trons in  the  midst  of  the  gaseous  mass.  If  both  electrodes  are 
mineralized  the  arc  is  more  brilliant  and  the  two  brushes  unite. 
When  we  lengthen  the  arc  sufficiently  to  put  this  phenomenon 
in  plain  evidence  we  see  the  cathodic  brush  take  the  same  form 
as  that  of  the  anodic  brush,  forming  two  flames  with  a  narrow 
base,  normal  to  the  electrodes  and  which  rise  independently  and 
spread  out  above,  where  they  meet.  They  often  turn  in  opposite 
directions  and  may  not  meet  at  all,  in  which  case  the  arc  goes 
out.  The  same  appearance  of  independent  flames  is  presented 
when  we  lengthen  vertically  the  arc  betwen  two  mineralized  car- 
bons placed  one  above  the  other,  and  especially  when  the  carbons 
contain  salts  of  potassium  or  other  salts  which  favor  the  forma- 
tion of  long  flames. 

1.  The  Hefner  unit  is  only  .88  of  the  French  decimal  candle.  These 
tests  were  made  with  a  quality  of  coated  carbon  of  earlier  make  than  that 
which  is  made  now  by  the  Society  Auer. 
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This  appearance  may  be  explained,  I  believe,  by  supposing  that, 
first,  the  ions  and  the  electrons  are  projected  through  inert  vapors 
from  each  electrode,  upon  the  opposing  electrode ;  one  part  of  them 
combines  where  the  two  currents  meet,  the  others,  in  a  much 
greater  number,  run  their  course  and  are  discharged  against  the 
opposing  electrodes;  second,  at  the  surface  of  the  two  electrodes 
the  mineral  vapors  may  become  ionized  either  by  the  vaporization 
of  the  sul)stanc('  of  the  electrode,  or  by  simple  contact  when  of 
pure  carbon  or  a  metal. 

In  the  Bremer  lamp  the  special  arrangement  of  the  electrodes 
converging  toward  the  lower  ends,  which  has  been  adopted  by 
its  maker  in  order  to  permit  the  falling  away  of  the  drops  of  slag 
without  affecting  the  arc,  is  not  as  favorable,  from  the  point  of  view 
of  the  utilization  of  vapors,  as  that  of  my  lamp  with  the  anode 
below;  but  it  permits,  however,  of  the  arc  curved  by  the  magnet 
to  follow  partially  the  vapors  which  leave  the  anode.  The  greatest 
fault  from  this  point  of  view  is  that  in  order  to  direct  the  arc. 
it  is  necessary  to  employ  a  magnetic  field  which  does  not  act  on 
the  inert  vapors,  and  spreads  out  the  ionized  vapors  fan-like; 
there  results  an  increase  of  the  surface  of  the  arc,  which  far  from 
being  favorable  to  economy,  reduces  greatly  the  temperature  of 
light-giving  substances,  and  by  consequence  the  illumination  pro- 
duced. 

The  firm  of  Siemens  Brothers  has  made  some  tests  on  this  sub- 
ject, using  a  deflecting  magnetic  field  of  variable  intensity,  regu- 
lating the  length  of  arc  in  such  a  manner  that  it  consumed  405 
watts  (45  volts  and  9  amperes)  while  the  ampere-turns  of  the 
electrode  magnet  varied  from  0  to  39G,  the  surface  of  the  arc 
gradually  increased  from  225  to  369  cm-,  its  intrinsic  brightness 
decreased  gradually  from  9.62  to  3.35  hefner  units  per  mm-,  and 
the  specific  consumption  rose  from  0.187  to  0.328  watt  per  hefner, 
figures  below  those  of  jny  lamp  given  above,  despite  the  greater 
consumption  of  energy. 

I  have  noted  also  analogous  variations  witli  a  mineralized  ver- 
tical arc  put  in  rotation  by  a  magnetic  field.  The  employment  of 
a  magnetic  directing  field  is  then  useless,  and  we  should,  on  the 
contrary,  seek  to  concentrate  the  arc  in  the  highest  possible  degree, 
notably  by  increasing  the  degree  of  mineralization,  as  we  shall  see. 
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The  Influence  of  the  Constitution  and  the  Degree  of  Mineraliza- 
tion, of  EJcdrodcs. 

It  is  very  important  to  elucidate  the  influence  of  the  degree  of 
mineralization  of  the  electrodes,  not  only  to  obtain  the  maximum 
luminous  economy  for  a  given  consumption  and  life,  but  also  to 
know  whether  to  incorporate  the  mineral  substances  in  the  paste 
forming  the  principal  body  of  the  electrode,  as  in  tlie  electrodes  of 
Bremer  and  those  of  the  author,'-"  or  in  cores  of  small  diameter 
in  the  body  of  the  paste.  The  first  process  permits  of  the  intro- 
duction into  the  arc  of  quantities  of  the  mineral  substances  as  large 
as  we  may  desire,  even  to  60  or  70  per  cent,  being  limited  only 
by  the  increase  in  fragility  of  the  carbons  which  results,  and  ( for 
carbons  of  the  Bremer  type)  only  by  the  excessive  production  of 
mineral  slag.  On  the  contrary,  it  is  easy  to  see  that  the  second 
process  permits  the  introduction  of  only  small  quantities  of  the 
mineral  substances  because  of  the  small  diameter  of  the  core  in 
the  "flaming"'  carbons,  such  as  those  of  Siemens  or  Conradty,  for 
example,  2  to  3  mm  for  carbons  of  9  to  10  mm  in  diameter  is  only 
a  small  fraction  of  the  total  diameter.  In  admitting  that  the  maxi- 
mum diameter  of  tlie  core  may  be  one-third  of  the  diameter  of  the 
carbon,  the  mas?  of  the  core  is  only  about  one-tenth  of  tlie  total 
mass,  since  the  density  is  generally  lower  because  of  its  powdered 
state.  As  we  cannot  put  in  the  core  material  more  than  GO  to  T5 
per  cent  of  the  mineralized  sulistances,  these  latter  will  not  be  in 
the  mass  of  carbon  in  greater  proportion  than  S  per  cent  or  at  the 
best  10  per  cent,  if  we  might  force  the  diameter  of  the  core.  If 
we  take  account  besides  of  the  fact  that  part  of  the  carbon  envelope 
is  burning  in  place  of  serving  for  tlie  formation  of  the  arc.  we  must 
then  admit  that  the  arc  cannot  contain  more  than  15  per  cent  of 
mineral  substances,  as  referred  to  the  carhon  vapor. 

The  proportion  is  limited  to  a  figure  still  smaller  by  the  scorifi- 
cation,  if  we  employ  it  in  ordinary  lamps  with  vertical  electrodes 
mineralized  throughout  the  mass:  in  fact,  following  the  results 
of  Professor  Wedding,^'  the  scorification  becomes  troublesome  in 
these  lamps  when  there  is  more  than  7  per  cent  of  fluoride  of 
calcium  in  the  two  carbons  or  14  per  cent  in  the  positive  carl)on 

22.  My  carbons  act  in  burning  like  tlioso  of  Bremer,  from  the  point  of 
view  of  mineralization,  for  envelopes  of  pure  carbon  are  proportioned  in 
such  a  manner  as  to  burn  a  little  shorter  than  the  mineralized  body. 
and  the  arc  is  maintained  between  the  latter  alone,  as  if  there  were  no 
envelope,  being  thus  distinguished  from  carbons  with  cores. 

23:  Elek.  Zeit..  loc.  cit. 
Vol.  11  —  48 
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alone.  It  is  for  this  reason  that  !M.  Bremer,  having  noted  with 
a  sagacity  which  is  to  be  praised,  the  usefulness  of  a  higher  miner- 
alization has  thrown  out  the  ordinary  arrangement  of  carbons 
and  adopted  the  converging  arrangement;  but  the  other  German 
experimenters  do  not  seem  to  admit  this  usefulness.  According 
tc  the  researches  of  Dr.  Wedding,-*  the  economy  is  not  correspond- 
ingly increased  when  the  mineralization  goes  beyond  15  per  cent 
in  the  Bremer  lamp  and  7  per  cent  in  lamps  with  the  carbons 
placed  one  above  the  other,  to  compensate  for  the  inconvenience 
of  the  increase  of  slag  and  of  smoke.  Makers  have,  therefore,  con- 
cluded that  it  is  sufficient  to  introduce  this  quantity  of  mineral 
matter  in  the  usual  manner  in  the  core  and  to  avoid  thus  the  for- 
mation of  slag.  Certain  specialists^^  claim  even  that  it  does  not 
help  the  economy  to  go  beyond  a  proportion  of  15  to  20  per  cent, 
for  too  active  volatization  tends  to  lower  the  temperature  and, 
therefore,  the  degree  of  incandescence;  this  opinion  must  come 
from  the  fact  that  they  only  know  arcs  in  which  the  incandescent 
part  of  the  carbons  performs  the  principal  role  in  the  production 
of  light  (65  per  cent  according  to  Vogel,  75  per  cent  according 
to  Wedding).  But  in  reality,  despite  this  view,  the  increasing 
influence  of  the  arc  with  mineralization  is  established  by  experi- 
ment, as  shown  by  Table  II,  in  which  we  see  that  the  strongly 
mineralized  carbons  of  Bremer  and  others  give  specific  economies 
almost  three  times  those  of  the  lamps  with  flaming  carbons  of 
Siemens  &  Halske  or  the  Allgemeine  Electricitats  G^sellschaft. 
This  difl'erence  comes,  as  we  may  determine  by  direct  observations 
or  by  the  accompan3nng  photographic  views,  that  the  base  of  the 
arc  from  a  highly  mineralized  anode  is  more  contracted  than  that 
of  cored  or  mineralized  carbons,  and,  therefore,  gives  a  very  much 
more  intense  light.  Moreover,  the  flaming  carbons  have  an  evi- 
dent defect  in  principle;  the  core  occupies  only  a  small  part  of 
the  section  of  the  carbon,  and  it  is  necessary  for  the  carbon  to 
burn  uniformly  and  the  core  not  be  emptied,  to  realize  the  best 
densities  of  current,  which  leads  to  a  very  rapid  use.  For  example, 
a  lamp  of  8  amperes  and  40  volts  uses  from  15  to  17  mm  per  hour 
with  ordinary  carbons,  and  27^  mm  with  flaming  carbons  with  a 
mineralized  core.  On  the  other  hand,  the  enlargement  of  the  crater 
around  the  core  which  the  flaming  arc  produces  gives  simply  an 

24.  Loc.  oit. 

25.  Otto  Vogel,  Intensiv  Bogenlicht.     Zeitschrift  filr  Beleuchtungswesen, 
30  Mai,   1903. 
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Table  II. —  Candle-Power  and  Consumption  at  110  Volts. 
/.  Direct  Current. 
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Blonilel  lamp 

1.  Lecture  by  M.  Zeidler,  Engineer  of  Allgemeine  Elektricitats  Gesell- 
scliaft  before  the  Elektvoteclmischer  Verein  de  Berlin,  2.3d  Dec,   1902. 

2.  M.  W.  Beigon  von  Cziidnochowski,  Yerhand.  dcr  Deutschen  Physi- 
kalischen  Gesellschaft,  1903.  No.  7.  These  figures  relate  to  commercial 
carbons  of  large  diameter,  instead  of  from  7  to  8  mm,  in  the  case  of  the 
lamps  tested  by  M.  Wedding,  of  which  the  consumption  was  excessive  in 
comparison  with  other  lamps. 

3.  Tests  of  Prof.  Wedding. 

4.  Tests  of  Prof.  Matthews,  second  report,  N.  ¥..  L.  A.,  pp.  30-32.  and 
third  report,  p.  17.  These  figures  are  more  favorable  than  those  of  Euro- 
pean experimenters. 

5.  Estimated  from  the  comparison  made  by  Prof.  Wedding  (loc.  cit.), 
who  found  the  same  efficiency  for  the  two  kinds  of  currents. 

6.  Tests  made  in  the  Laboratoire  Central  d'Electricite,  Paris. 

7.  Tests  made  in  the  Laboratoire  de  la  Societe  Auer,  Paris. 
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arc  between  pure  carbons  in  which  is  introduced  centrally  a  small 
quantity  of  mineral  substances.  This  suffices  to  furnish  in  the  arc 
ionizing  vapors  to  transport  the  current  and  thus  produce  a  very 
long  arc,  but  not  to  concentrate  it  and  render  it  more  brilliant. 
In  fact,  it  results  from  the  researches  which  I  have  made  during 
the  last  few  years  on  this  subject,  that  the  quantity  of  the  ionized 
vapor  is  only  a  very  small  part  of  the  total  vapor  in  the  arc,  as 
T  have  shown  above,  by  the  separation  of  the  mixed  ascending 
vapors.     Tlie  influence  of  mineralization  upon  the  length  of  the 
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Fig.  10. 

arc  is  still  better  sliown  by  means  of  the  curves  of  voltage  in  the 
function  of  the  length,  taken  from  electrodes  supplied  with  con- 
stant current.  In  comparing  the  results  obtained  from  a  series 
of  measurements  made  of  carbons  containing  increasing  propor- 
tions of  fluor-spar,  represented  by  the  curves  of  Fig.  10,-"  which 
are  straiglit  lines  (as  are  those  of  Mrs.  Ayrton  relative  to  the  arc 
betwc':^n  jnire  carbons),  we  may  easily  see  that: 

26.  These  curves  are  from  a  large  number  of  readings,  often  little  con- 
cordant owing  to  the  greater  or  less  accumulation  of  scoria  at  the  sur- 
face, and  the  didcreiice  in  quality  of  the  fluxes  used.  They,  therefore,  have 
only  a  relative  \aiue. 
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1).  I'licse  straight  lines  have  various  indinations,  according  to 
llie  mineralization,  which  correspond  to  the  varying  conducting 
I'ower  of  the  gaseous  arc. 

2).  The  ordinates  at  the  origin  represent  the  losses  in  volts  by 
I  he  passage  of  current  through  the  electrodes,  which  diminish  with 
the  mineralization.  We  see  thus  that  the  apparent  conducting 
power  of  the  arc  increases  at  first  very  quickly  with  the  mineraliza- 
tion to  a  maximum  in  the  neighborhood  of  20  to  30  per  cent  of 
fiuor-spar,  then  decreases  slowly,  leading  to  the  paradoxical  result 
that  the  increase  of  conducting  substances  diminishes  the  conduct- 
ing power.  This  proves  in  fact  that  the  conducting  power  is  due 
to  the  transport  of  the  ions ;  the  ions  of  mineral  vapor  being  more 
volatile  than  those  of  carbon,  volatilize  before  them  while  ionizing, 
nnd  require  a  smaller  expenditure  energy  of  ionization  at  the  sur- 
face of  the  electrodes;  but  when  the  quantity  of  ionized  vapor  is 
sufficient  to  carry  the  whole  current,  the  addition  of  mineraliza- 
tion produces  (as  in  the  mercury  arc)  inert  vapors,  of  which  the 
molecules  block  the  free  path  of  the  ions.  The  increased  shocks 
of  the  latter  act  to  increase  the  apparent  resistance  and  the  heating 
in  the  gaseous  arc.  Thus  for  equal  voltages  with  carbon  electrodes 
we  should  find,  as  experiment  shows,  that  the  shortest  arc  is  the 
most  brilliant.  The  quantity  of  vapors  thrown  out  per  unit  of 
surface  increases,  the  same  is  true  of  the  number  of  ions,  and  the 
base  of  the  arc  contracts,  this  adding  a  new  cause  of  concentration 
of  the  light. 

At  this  limit,  that  is  to  say,  if  there  is  no  longer  carbon  in  the 
electrodes,  but  pure  fluor-spar  (a  condition  which  the  low  fusing 
point  will  not  permit  us  to  practically  reach)  we  would  see  a  very 
steep  straight  line,  analogous  to  that  obtained  by  Rasch-^  (with 
alternating  currents  unhappily)  using  electrodes  formed  of  metal- 
lic oxides.  But  while  the  increase  of  economy  with  the  mineraliza- 
tion becomes  more  and  more  slow,  the  loss  of  energy  due  to  the 
resistance  of  the  electrodes  themselves  and  the  loss  of  light  pro- 
duced by  interference  of  the  electrodes  keep  on  increasing,  and 
also  the  practical  difficulties  of  striking  the  arc  and  of  getting 
rid  of  the  slag  and  vapor  deposits ;  it  thus  does  not  seem  advisable, 
for  the  moment  at  least,  to  go  beyond  60  per  cent  as  the  degree 
of  mineralization  (in  the  particular  case  of  the  fluor-spar). 

27.  E.  Rasch,  "  Ein  neues  Verfahren  fiir  Erzeugung  von  Eleetrischem 
Lirlit."  Elek.  Zeit.,  1901.  p.  156. 
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As  to  the  carbon  of  composite  electrodes,  it  can  be  considered  as 
having  the  following  functions  in  the  electrodes. 

1).  It  gives  to  the  latter  the  necessary  conducting  power  when 
cold  (the  mineral  substances  employed  are  generally  insulators 
v/hen  cold)  in  order  to  lead  the  current  to  each  point  of  a  section; 
tiiis  condition  is  not  realized  with  electrodes  of  pure  oxides.,  and 
we  have  tried  without  success  up  to  the  present  time  to  add  them 
to  other  conducting  bodies  than  carbon. 

2).  To  prevent  the  fusion  of  the  electrodes  in  the  neighborhood  of 
tlioir  points,  which  occurs  quickly  in  the  absence  of  carbon,  for  the 
substances  most  advantageous,  such  as  fluoride  of  calcium,  are 
fusible  and  volatile  below  1000  deg.  Centigrade.  These  diiScul- 
ties  have  prevented  the  employment  of  pure  oxides  made  conduct- 
ing when  cold  by  the  addition  of  other  mineral  substances.  Mr. 
Steinmetz  has  been  able  to  use  the  oxide  of  iron  for  the  reason  that 
it  is  a  conductor  by  itself,  and  he  had  been  able  to  inclose  it  in  a 
tube  of  iron  which  oxidizes  little  by  little  (playing  the  same  role 
as  the  carbon  envelope  in  the  author^s  coated  carbons). 

3).  It  may  aid  (in  the  case  of  slightly  mineralized  electrodes) 
the  conductivity  of  the  gaseous  arc  in  volatilizing  and  ionizing 
at  the  surface  of  the  electrodes  at  the  same  time  as  the  mineral 
substances;  but  with  the  very  mineralized  electrodes  I  have  em- 
ployed, the  carbon  burns  little  by  little  (without  volatilizing)  at 
the  surface  of  the  electrodes  in  presence  of  oxygen,  and  the  min- 
eral substances  alone  furnish  the  ionized  vapors.  In  fact,  on  the 
one  hand,  the  abundant  distillation  of  the  vapors  from  mineral 
substances  with  low  points  of  vaporization  does  not  permit  of  the 
surface  of  the  electrodes  rising  to  a  temperature  sufficient  for  the 
volatilization  of  the  carbon;  on  the  other  hand,  the  surface  ap- 
pears covered  with  a  layer  of  melted  mineral  substances;  finally, 
the  great  reduction,  shown  by  a  fall  of  potential,  corresponding 
to  work  done  by  the  volatilization  (20  to  25  volts),  tends  to  con- 
firm the  belief  that  the  mineral  substances  are  alone  volatilized. 
I'erhaps,  however,  they  there  may  be  mechanically  carried  along 
atoms  of  carbon  carrying  electric  charges.  This  point  has  not 
ytt  been  elucidated,  and  should  be  made  the  subject  of  an  inter- 
esting study. 

The  envelope  of  carbon  around  the  electrodes  does  not  take  part 
in  the  production  of  the  arc  and  serves  particularly  to  prevent 
the  lateral  oxidation  of  the  body  of  the  mineralized  carbon  whicli 
loads  to  scorilication,  and  thus  increases  the  life  of  the  electrodes. 
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But  it  plays  anotlier  important  part  from  the  point  of  view  of 
conductivity,  for  it  has  a  section  nearly  equal  to  that  of  the  miner- 
alized body  which  it  surrounds,  the  specific  resistance  of  which 
is  considerable.  The  envelope  thus  serves  principally  to  conduct 
the  current,  and  it  is  very  necessary  that  it  be  in  perfect  contact 
with  the  mineralized  body  over  the  whole  of  its  length.  For  this 
reason  it  is  preferable  to  compress  it  around  the  composite  elec- 
trode in  the  course  of  manufacture  before  firing,  than  apply  it 
afterward  to  the  mineralized  carbon,  for  in  the  last  case,  not  only 
is  the  contact  very  bad,  but  during  the  firing  and  in  course  of 
combustion,  mineral  matter  will  rise  to  the  surface  of  the  mineral- 
ized body  and  form  an  insulating  bed  between  it  and  the  envelope. 

Results  Obtained. 

The  lamps  of  Bremer  and  those  with  the  flaming  arc,  are  already 
well  known;  those  of  the  author's  system  have  only  been  manu- 
factured for  a  short  time.  In  order  to  permit  of  a  comparison  of 
the  various  systems,  I  have  given  in  Table  II  the  principal  data 
I  have  been  able  to  collect  upon  the  specific  consumption  of  energy 
and  upon  the  actual  rate  of  usage  of  electrodes,  employing  as  mucli 
as  possible  the  results  of  other  experimenters  in  order  to  give  as 
impartial  figures  as  possible.  The  luminous  intensity  of  the  Stein- 
metz  lamp  with  direct  currents  is  presumably  400  candles  by 
comparison  with  the  ordinary  arcs,  according  to  the  figures  of 
Mr.  Willis  Holmes,^®  I  am  not  aware  that  Mr.  Steinmetz  has 
constructed  a  lamp  for  alternating  currents. 

We  remark  at  once  the  enormous  superiority  in  economy  of 
mineralized  arc  lamps  over  all  the  others,  and  particularly  of  the 
Bremer  lamps  with  converging  carbons,  and  that  of  the  author. 
The  two  last  lamps  give  practically  the  same  economy  with  alter- 
nating current,  without  doubt  because  the  carbons  of  M.  Bremer 
in  this  case  are  somewhat  more  mineralized.  On  the  contrary, 
with  direct  currents,  the  lamp  of  the  author  has  for  equal  currents 
the  advantage.  As  the  current  diminishes,  the  economy  of  the  arc 
is  rapidly  reduced,  from  which  follows  the  smaller  economy  of 
the  lamps  of  the  author  at  lower  amperage;  for  the  same  current 
of  three  amperes  the  present  Bremer  lamp  would  give  an  economy 
much  less  if  it  would  work  at  that  amperage,  but  at  the  present 
time  there  are  no  3-amp.  Bremer  lamps. 

28.  Electrical  World  &  Engineer,  Jlay  28,   1904,  p.  1053. 
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Aside  from  the  question  of  economy,  it  is  interesting  to  com- 
pare the  lamps  of  the  author  with  the  lamps  having  converging 
carbons.  The  first  present  over  the  second  the  following  ad- 
vantages : 

1).  The  mechanism  is  more  simple,  and  has  no  special  arrange- 
ments for  starting. 

2000  1800 1800 1100 1200 1000  800  COO  400  200     300     600     1000    1100     1^00   ^ 


2).  The  lamps  with  converging  carhons  give  a  ver}^  odd  distribu- 
tion of  light,  most  powerful  in  the  plane  perpendicular  to  the 
carbons  and  concentrated  beneath  the  lamp,  which  might  be  ad- 
vantageous for  the  lighting  of  rooms  but  not  for  public  lighting. 


SO^-         90°         80" 

Fig.  12. 

It  suffices  to  take  account  of  tlie  results  obtained  by  Professor  Wed- 
ding of  the  two  t}^es  of  lamp  reproduced  in  Figs.  11  and  12.  The 
lamp  of  the  author  admits  of  sending  the  light  more  horizontally, 
if  we  wish  it,  without  lowering  or  extending  the  luminous  point 
below  the  condenser.     We  may  regulate  this  height  at  will  very 
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simply,  by  varying  the  diameter  of  the  upper  carbon;  for  the 
reduction  of  work  is  greater,  and  in  consequence,  the  possible 
travel  with  the  upper  carbon  will  be  shorter,  when  the  arc  is  nearer 
the  condenser  which  incloses  it.  Finally  the  lamps  with  converg- 
ing carbons  give  more  light  in  the  direction  perpendicular  to  the 
plane  of  the  carbons  than  in  their  plane;  on  the  contrary,  carbons 
placed  one  above  the  other  give  the  same  light  all  around  them, 

3).  The  electrodes  burn  more  evenly  and  with  less  variation  of 
color  or  of  luminous  intensity  in  the  lamps  of  the  author  than 
in  the  lamps  with  converging  carbons.  In  fact,  the  arc  plays 
upon  the  surface  of  the  point  of  the  lower  electrode  in  such  u 
manner  as  to  use  it  up  equally  (as  in  Marks'  lamp)  without  changr 
of  length  of  arc;  whilst  the  arc  can  play  successively  between 
various  points  of  the  ends  of  converging  electrodes  without  change 
of  length,  a  change  which  causes  variation  in  intensity  and  color. 
This  fault  is  still  more  grave  with  cored  flaming  carbons  than  with 
the  Bremer  carbons,  since  if  the  arc  quits  the  core  and  plays  upon 
the  pure  carbon,  the  current  falls,  mineralization  no  longer  takes 
place,  and  the  arc  fails  to  give  light;  this  state  is  produced  particu- 
larly when  the  magnetic  field  is  excited  in  series,  since  then  the  cur- 
rent being  diminished  is  no  longer  strong  enough  to  direct  the  arc. 

The  disposition  of  the  converging  carbons  is  thus  vicious  in 
principle.  In  order  to  remedy  this,  M.  Bremer  and  his  imitators 
have  been  forced  to  the  emplo3'ment  of  very  thin  carbons  which 
give  rise  to  the  following  troubles: 

4).  The  consumption  and  the  electric  resistance  of  mineralized 
carbons  in  the  lamp  with  (JDnverging  electrodes  are  excessive  as 
indicated  in  the  table;  the  consumption  is  double  or  triple  that 
of  the  ordinary  carbons,  and  this  forces  the  employment  either 
of  long  carbons,  from  400  to  500  mm  or  even  longer,  or  the  multi- 
ple lamp,  having  a  set  of  mechanisms  for  each  pair  of  independent 
carbons.  All  these  solutions  complicate,  without  helping,  the 
problem.  On  the  contrary,  in  my  lamp,  where  the  arc  is  free  to 
be  moved  over  the  surface  of  the  clecfrode  which  remains  nearly 
flat,  the  diameter  may  be  much  increased  and  the  consumption 
does  not  exceed  that  of  a  lamp  with  ordinary  carbons. 

At  the  same  time  the  electrical  resistance  per  unit  of  length 
becomes  less.  The  solid  mineralized  carbons  have,  in  fact,  a  spe- 
cific resistance,  double  or  triple  that  of  ordinary  pure  carbons; 
the  same  is  true  of  the  resistance  of  the  very  thin  pure  carbons 
of  the  flaming  lamps.    In  the  German  lamps  with  long  electrodes. 


702  BLOXDEL:     ARC  LAMPS. 

the  drop  is  from  5  to  8  volts  in  the  electrodes  for  a  lamp  with 
direct  current,  and  double  that  for  an  alternating  current  lamp, 
which  figures  are  reduced  one-half  for  the  mineralized  carl)ons 
with  thin  envelopes.-^ 

The  question  of  the  consumption  of  substances  mixed  with  min- 
eralized substances  raises  some  remarkable  and  interesting  theories. 
We  are  led  to  believe  that  consumption,  in  fact,  increases  on  the 
one  hand  with  the  degree  of  mineralization,  and  on  tlie  other 
hand  with  the  facilities  for  oxidation,  which  appears  a  contradic- 
tion; it  is  much  greater  with  the  electrodes  of  pure  mineral  matters 
of  Steinmetz  and  Rasch,  These  phenomena  can  be  explained  by 
the  part  that  the  carbon  plays  in  the  mixture,  being  more  refractory 
and  adding  to  the  conductivity:  if  the  carbon  is  abundaut.  the 
surface  of  the  electrode  is  sufficiently  conducting  to  admit  of  the 
base  of  the  arc  being  large,  and  is  covered  only  with  a  thin  layer 
of  melted  mineral  substance;  then  the  volatization  is  little  active; 
when  the  heat  diminishes  (either  by  the  addition  of  a  larger  pro- 
portion of  material  or  by  oxidation)  the  surface  of  the  electrode 
is  less  conducti^^  and  is  covered  by  a  thicker  layer  of  mineral 
matter  in  fusion.  The  base  of  the  arc  then  becomes  more  concen- 
trated, the  vaporization  becomes  more  active,  and  the  carbon  is 
consumed  faster.  We  see  then  that  the  consumption  of  the  carbon 
and  the  luminous  efficiency  vary  in  the  same  sense;  they  increase 
together,  for  example,  with  the  density  of  the  current,  with  the 
size  of  the  carbons,  with  the  greater  or  less  amount  of  air  ad- 
mitted through  the  shutter  in  the  globe,  etc.  If  we  inclose  the 
arc  in  a  vessel,  closed  or  nearly  clofed  (always  taking  ciire  to 
dis.pose  of  the  smoke  and  ashes  as  soon  as  they  are  formed),  the 
oxidation  being  reduced,  the  same  is  true  of  the  carbon.  w]iicli 
may  fall  from  2  to  4  mm  instead  of  from  15  to  10  mm  in  the  free 
air;  the  slag  is  formed  in  smaller  quantities,  and  we  may  greatly 
reduce  the  thickness  of  the  envelope,  which,  however,  remains 
always  advantageous  through  increasing  the  conducting  power.  A 
life  of  100  hours  may  then  be  obtained  by  the  mineral  inc!n-(>'l 
arc,  without  having  the  electrodes  of  an  exaggerated  length  ( iViO 
to  400  mm).  Here  in  Europe,  the  inclosed  are  with  ordinary 
carbons  is  employed  but  rarely,  because  of  the  lower  price  of  labor 

29.  T  will  add  in  passinoj  that  this  thin  envelope  may.  however,  be 
useful  even  in  the  lamps  with  converging  carbons  in  permitting  the  re- 
lighting of  the  carbons  by  lateral  contact,  which  the  slag  renders  difbcult 
with  the  Bremer  lamps. 
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and  the  high  price  of  electrical  energy.  For  this  reason  the  miner- 
alized inclosed  arc  does  not  appeal  to  Europeans. 

4).  The  Bremer  lamp  and  a  fortiori  the  flaming  lamps  do  not 
permit  of  the  cmp]o3rment  of  currents  as  low  as  in  the  case  of 
lamps  with  cored  carbons  placed  vertically;  while  the  minimum 
current  up  to  recently  is  from  8  to  10  amperes  for  the  flaming 
lamps  and  from  6  to  10  amperes  for  the  Bremer  lamj)S,  the  manu- 
facturers of  the  author's  lamp  have  placed  on  the  market  a  lamp 
of  3  amperes,  and  even  Mr.  Proskey  has  been  able  to  make  his  lamp 
burn  very  nicely  with  from  ^  to  3  amperes,  always  attaining  an 
economy  better  than  that  of  the  ordinary  lamps  of  the  same  rating. 
This  is  one  of  the  great  commercial  advantages  (as  Mr.  Wedding 
has  shown  in  a  report)  of  the  new  solution  as  against  the  old. 

I  hope  that  the  results  which  I  have  given  here  will  interest 
ejectrical  engineers  and  will  contribute  to  justify,  from  a  practical 
point  of  view,  the  new  type  of  carbons  and  lamps  which  I  have 
endeavored  to  present  from  tl;e  theoretical  point  of  view,  and  to 
make  known  the  details  of  their  working. 

I  hope  that  the  freedom  with  which  I  have  made  the  presenta- 
tion, without  reserving  anything,  will  win  for  me  in  every  case 
the  good  will  of  my  readers. 

Discussioir. 

Chairman  Lieb:  Gentlemen,  you  have  heard  these  two  papers  —  that 
of  Dr.  Steinmetz  and  the  paper  of  Prof.  Blondel  just  read.  In  introducing 
the  discussion,  I  will  make  just  a  few  remarks.  Prof.  Blondel's  carbon 
is  really  a  concentrically  cored  carbon ;  that  is,  it  has  two  cores,  one  within 
the  other.  I  have  had  opportunity  of  seeing  a  number  of  practical  tests 
made  with  lamps  equipped  with  these  carbons,  and  the  illuminating  effects 
were  certainly  remarkable.  A  Blondel  lamp  using  three  amperes  direct 
current  was  hung  up  in  the  street  in  place  of  a  450- watt,  5^/^-ampere, 
direct-current  enclosed  arc  lamp,  the  lamps  being  lighted  alternately  to 
observe  the  eifective  illumination  of  the  street.  As  far  as  eflfective  illumina- 
tion in  the  street  was  concerned  there  could  be  no  doubt  that  the  Blondel 
lamp  was  the  more  effective.  The  reflector,  which  is  shown  in  an  illustration 
in  Prof.  Blondel's  paper,  becomes  effective,  improving  the  distribution, 
as  the  underside  of  it  becomes  coated  with  the  white  oxides,  making  an 
efficient  reflecting  surface. 

Prof.  J.  P.  Jackson  :  I  wish  more  particularly  to  speak  of  the  practi- 
cal use  of  the  Steinmetz  luminous  arc.  This  year  I  have  been  under  es- 
pecially advantageous  conditions  for  obtaining  data  as  to  how  well  or  hcrsv 
poorly  the  luminous  arc  would  work  under  commercial  conditions.  In  the 
city  of  Harrisburg,  Pa.,  a  plant  of  twenty-five  lights  was  installed  by  the 
General   Electric  Company,  all  using  the   present  luminous   arc.   for   com- 
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purison  with  two  types  wliich  the  commercial  company  lighting  the  city 
then  had  in  use;  the  first  being  tlie  ordinary  9.6-amperes,  480-watt  open 
carbon  arc,  and  the  second  being  the  ordinary  450  or  4S0-watt  enclosed 
direct-current  arc.  It  is  a  little  difficult,  of  course,  as  anybody  who  deals 
with  light  knows,  to  get  a  fair  determination  of  the  actual  values  of  light. 
In  order  to  get  some  idea,  however,  of  the  value  of  the  relative  illumina- 
tion of  the  luminous  are  which  was  there  for  at  least  six  months  —  al- 
though I  must  confess  it  was  under  the  attention  of  an  expert,  and  there- 
fore had  a  little  advantage  over  the  other  arcs  —  in  order  to  get  a  fair 
comparison,  we  took  what  some  of  the  companies  called  an  illuminometer, 
which  is  nothing  more  or  less  than  a  black  box  with  type  inside  of  it,  suit- 
ably arranged  for  looking  in  and  getting  the  size  of  type,  or  the  distance 
away  from  the  light  that  you  can  read  the  type.  We  compared  the  luminous 
arc  of  Dr.  Steinmetz  under  these  conditions  out  on  the  streets  with  some- 
thing like  twenty  or  thirty  enclosed  arcs,  and  about  an  equal  number  of 
open  arcs,  of  the  capacity  of  which  I  have  spoken.  We  found  in  every  case 
that  the  luminous  arc  gave  us  a  reading  on  every  size  of  type,  gave  us 
a  reading  illumination  from  20  to  30  per  cent  further  than  could  be 
obtained  with  the  ordinary  carbon  electrode  lamps.  Moreover,  the  luminous 
arc  was  using  at  the  time  approximately  320-watts,  against  480  of  the 
ordinary  electrode  arcs. 

In  order  to  determine  still  further  the  relative  value  of  the  two  lamps, 
in  order  that  a  decision  could  be  made  as  to  what  lamp  should  be  used 
in  that  particular  city,  one  of  these  lamps  was  taken  to  the  Pennsylvania 
State  College,  where  I  have  my  dwelling,  and  put  upon  a  photometer  bar, 
was  worked  against  a  standardized  incandescent  lamp;  the  horizontal  and 
angular  candle  powers  were  taken  very  carefully,  and  a  whole  day  was 
spent  in  measuring  them,  and  then  the  same  men,  same  instruments,  same 
standards  and  all  other  conditions  exactly  the  same,  were  used  in  getting 
the  candle  power  of  the  9.6-ampere  open-arc  lamp  of  the  carbon  electrode 
type.  Now,  although  you  cannot  compare  an  arc  lamp  with  an  incandescent 
standard  with  any  satisfaction,  I  feel  that,  putting  the  two  lamps  in  the 
same  bar,  with  the  same  instruments  and  the  same  observers,  we  got  a  fair 
comparison,  and  I  may  say  that  though  the  Brush  arc  gave  a  much  greater 
illumination  at  forty-five  degree  angle  beam,  and  beams  near  that  angle, 
the  luminous  arc  of  Dr.  Steinmetz  gave  a  perceptibly  larger  illumination 
near  the  horizontal,  much  more  spherical  illumination,  and  for  street  light- 
ing was  more  satisfactory.  In  other  words,  the  experiment  on  the  photom- 
eter bar  fully  bore  out  the  experiment  on  the  streets,  that  the  illumina- 
tion from  the  luminous  arc,  although  possibly  not  so  brilliant  in  the 
forty-five  degree  circle  around  the  arc,  was  better  at  distances. 

Dr.  Clayton  H.  Shabp:  I  think  every  one  who  is  interested  in  light- 
ing is  very  much  indebted  to  Dr.  Steinmetz  for  the  extremely  lucid  presenta- 
tion which  he  has  given  us  in  his  valuable  thesis  on  the  mechanism  of  the 
arc.  I  feel  that  personally  I  have  learned  a  very  great  deal  and  that  my 
ideas  as  to  the  actual  process  which  goes  on  in  the  arc  have  been  made 
^ery  much  clearer  by  listening  to  Dr.  Steinmetz's  paper. 

There  seems,  however,  to  be  some  discrepancy  between  the  views  of  Dr. 
Steinmetz  and  of  Prof.  Blondel.    Dr.  Steinmetz  considers  a  blast  passing  out 
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from  the  cathode  and  constituting  the  heated  stream  to  which  the  luminosity 
of  the  luminous  arc  is  due,  while  Prof.  Blondel  assumes  a  stream  of  iona 
to  pass  from  both  electrodes  and  convey  the  current  from  the  one  to 
the  other.  The  divergent  views  which  these  writers  have  presented  lead 
to  different  conclusions  as  to  the  proper  arrangement  of  the  impregnated 
electrode,  the  electrode  which  gives  rise  to  the  luminous  vapor  in  the  arc. 
Which  of  these  gentlemen  is  correct  is  probably  a  question  that  will 
have  to  be  determined  by  further  experiment  and  consideration  of  the 
matter. 

There  is  no  question  as  to  the  very  high  luminous  efficiency  obtained 
in  the  Blondel  lamp.  The  tigures  which  are  given  in  this  table  refer  to 
a  lamp  of  relatively  large  current  capacity,  that  is,  to  a  9-ampere  lamp. 
I  have  made  some  experiments  with  a  lamp  of  three  amperes  only.  This 
lamp  gave  a  very  high,  candle-power  at  very  small  watts  consumption. 
The  resultant  value  for  the  watts  per  mean  lower  hemispherical  candle- 
power  came  out  0.16  to  0.18.  In  other  words,  the  specific  consumption 
of  this  lamp,  measured  in  watts  per  mean  lower  hemispherical  candle- 
power,  was  somewhere  below  0.2,  whereas  the  ordinary  open  arc-light 
of  the  best  type  requires  in  the  neighborhood  of  %  of  a  watt  per  mean 
lower  hemispherical  candle-power,  and  as  we  all  know,  the  ordinary  en- 
closed arc  considerably  more. 

Prof.  E.  L.  Nichols:  I  take  this  opportunity  to  say  a  word  with 
reference  to  the  state  of  affairs  which  we  are  about  to  meet  in  photometry, 
in  consequence  of  the  introduction  of  these  new  factors  arising  from 
selective  radiation.  The  difficulties  of  making  fair  comparisons  of  the 
ordinary  old-fashioned  open-arc  lamp,  with  nothing  but  carbon  to  deal 
with,  where  the  light  came  chiefly  from  the  terminals  of  the  carbon,  were 
sufficiently  great.  We  have  now  injected  into  the  art,  and  it  seems  to  me 
it  will  soon  be  of  commercial  as  well  as  scientific  interest,  these  various 
new  forms  of  light  in  which  the  radiation  is  highly  selective.  When  it 
comes  to  the  question  of  comparison,  for  example,  of  the  relative  merits 
of  a  flaming  arc  of  this  tpye,  in  which  the  calcium  lines  are  the  chief  source 
of  light,  and  the  mercury  arc  with  its  bright  line  spectrum,  we  are  con- 
fronted by  a  new  problem.  The  photoraetrician  has  got  to  go  over  from 
the  mere  comparison  of  light  for  light,  which  in  the  case  of  these  new 
lights  becomes  an  impossibility  to  the  study  of  the  spectrum ;  and  it  seems 
to  me  that  the  introduction,  upon  the  market  of  lights  such  as  we  are 
now  coming  to  means  that  we  have  got  to  reject  the  plain  old-fashioned 
photometry,  and  take  up  with  spectro-photometry,  which  is  quite  a 
different  matter. 

I  mention  this  matter  right  here  for  the  purpose  of  saying,  that  while  I 
do  not  know  the  manner  in  which  these  measurements  were  made,  it  is 
my  idea  that  all  that  they  can  be  considered  as  expressing,  if  justly  in- 
terpreted at  the  present  moment,  is  that  the  primary  arc  is  a  very  powerful 
source  of  light.  I  do  not  think  you  can  put  anything  more  definite  upon 
the  data  in  the  way  of  an  interpretation,  in  spite  of  the  fact  that  the  figures 
run  to  four  places  of  decimals.  There  are  four  significant  figures,  but 
T  do  not  think  that  the  result  is  more  than  qualitative.  Now  the  develop- 
ment  of  practical  methods  for  the  balancing  up   against  one   another   of 
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these  diverse  sources  of  light  appears  to  me  the  most  difficult  problem  with 
which  the  photometrist  has  ever  been  confronted.  The  ordinary  photom- 
etiy  of  light  from  incandescent  carbon  is  an  exceedingly  simply  matter  com- 
pared with  it.  I  hope  that  the  photometrician  who  has  to  deal  with  these 
problems  in  commercial  aspects  will  not  evade  or  slight  this  problem, 
but  that  he  will  grasp  it  and  solve  it  and  will  provide  the  producer  and 
consumer  of  light  wuth  some  rational  system  by  means  of  which  we  can 
know  what  we  are  dealing  with.  At  the  present  moment  I  must  content 
myself  with  expressing  the  opinion  that  the  photometry,  in  any  strict 
sense  of  the  word,  of  these  newer  light  sources,  is  non-existent. 

Prof.  Jackson:  May  I  make  a  remark  along  certain  lines  which  Prof. 
Nichol's  remarks  covered  to  some  extent.  We  are  going  to  use  the  luminous 
arcs  and  decide  whether  we  want  them  or  do  not  want  them,  and  if  the 
luminous  arc  will  enable  a  man  to  see  a  stone  in  the  street,  which  is  in 
his  way,  and  it  will  enable  him  to  see  that  and  avoid  it,  better  than  the 
ordinary  arc  light  will,  I  Avill  say,  from  a  commercial  point  of  view,  that 
that  is  the  best  lamp,  and  I  will  say,  in  answer  to  Prof.  Nichols's  remarks, 
that  that  is  the  way  I  try  to  carry  on  the  practical  experiments  whicli  I 
tried  to  explain. 

Dr.  C.  P.  Steinmetz:  I  believe  I  can  explain  in  a  few  words  the  ap- 
parent discrepancy  between  Dr.  Blondel's  results  and  mine.  The  explana- 
tion is  found  in  the  words  "  impregnated  carbons  "  or  "  mineralized  car- 
bons." That  is,  all  the  arcs  with  which  Dr.  Blondel  experimented  were 
carbon  arcs  made  luminous  by  evaporation.  There  are  three  methods  of 
using  ares  for  illumination,  as  stated  in  my  paper,  of  which  I  consider, 
at  least  for  the  conditions  existing  in  the  United  States,  the  third  one  to 
be  preferable,  the  object  being  to  combine  very  high  efficiency  with  long 
life.  This  class,  however,  the  electroluminous  arcs,  has  not  been  given 
any  consideration  in  Prof.  Blondel's  paper.  A[)parently  he  has  been  de- 
terred by  the  great  practical  difficulty  resulting  from  the  flicker  due  to 
the  negative  running  spot  whicli  had  to  be  overcome  before  such  arcs 
could  be  commercially  successful.  All  Dr.  Blondels  arcs  were  carbon 
arcs,  and  therefore,  as  he  stated,  follow  the  laws  of  the  carbon  arc.  The 
anode,  being  the  hotter  terminal,  is  the  one  which  has  to  be  impregnated 
to  get  the  highest  efficiency  of  the  flaming  arc.  That  can  very  nicely  be 
illustrated  by  making  photometric  tests  with  the  four  kinds  of  flame  car- 
bons, which  are  iinprceiiated  with  calcium,  strontium,  barium  and  mag- 
nesium compounds,  respectively,  by  using  them  as  positive,  with  a  |)lain 
carbon  as  negative,  and  then  as  negative  with  plain  carbon  positive.  In 
all  cases  the  calcium  gives  the  highes't  efficiency,  but  the  relative  pro- 
portions are  entirely  different.  Using  positive  impregnated  carbons,  tlie 
proportion  is  about  that  of  the  volatility  of  the  compounds;  as  negative 
the  results  are  considerably  different,  and  the  magnesium  cliauges  its 
position  in  the  series,  being  less  efficient  as  positive  and  more  efficient  as^ 
negative. 

\\  ith  the  efficiency,  however,  I  have  not  dealt  in  my  paper  at  all,  because 
that  is  a  feature  which  my  results  lead  me  to  believe  depends  rather  more 
on  the  material  which  is  introduced  in  the  arc  stream,  than  on  the  methods 
of  introducing  it,  whether  from  the  positive  by  evaporation,  accompanied  by 
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relatively  rapid  consumption,  or  from  the  negative  by  electroconduetion, 
at  a  slower  rate.  But  amongst  all  the  chemical  elements  there  seem  to  be 
really  only  three  groups  of  high  efficiency:  the  mercury,  the  calcium  group, 
and  the  iron  group.  It  is  the  latter  gioup  which  I  prefer,  since  it  gives 
white  light,  a  long  life,  and  the  highest  luminous  efficiency. 

Regarding  the  efficiency  of  the  magnetic  arc,  given  in  Dr.  Blondel's 
paper,  the  values  are  far  below  those  reached  by  the  modern  '"  magnetite  " 
arc.  The  reason  is,  that  iron  and  not  magnetite  is  now  the  most  efficient 
member  of  the  iron  group,  and  therefore  is  not  used  pure,  as  it  probably 
was  in  Dr.  Blondel's  test.  The  most  elHcient  arc  which  we  ever  observed 
was  a  500-watt  arc,  which  gave  an  efficiency  of  about  0.15-watt  per  mean 
spherical  British  candle,  that  is  about  twenty-five  times  the  efficiency  of 
the  incandescent  lamp,  and  far  higher  than  any  flame  carbon  I  ever  ob- 
served. But  this  arc  is  not  at  present  suitable  for  commercial  use.  It 
had  a  slow  burning  electrode.  The  consideration  of  these  two  different 
characteristics,  the  feeding  of  the  arc  stream  from  the  negative  by  electro- 
conduction  and  from  the  positive  by  evaporation,  will  explain  immediately 
the  discrepancies  in  the  conclusions  of  Dr.  Blondel,  who  investigated  only 
the  one  feature,  and  the  conclusions  I  arrived  at  by  considering  both 
methods  of  producing  the  luminous  arc  flame. 

Chairman  Lieb:  We  are  now  awaited  by  Section  B,  and  when  we  get 
through  the  discussion  of  Col.  Crompton's  paper,  we  will  take  up  the 
papers  of  Dr.  Nichols  and  Prof.  Lombardi. 

JOINT  SESSION  OF  SECTIONS  B  AND  E. 

Chairman  Steinmetz,  of  Section  B,  called  the  meeting  to  order  at  10:30 
o'clock.     Col.  Crompton  then  presented  his  paper,  as  follows: 


STANDARDIZATION  OF  DYNAMO-ELECTRIC 
MACHINERY  AND  APPARATUS. 


BY  COL.  K.  E,  B.  CROMPTOX,  Delegate  of  the  Institution  of  Electrical 

Engineers. 


Movement  in  England  in  Favor  of  Standardizing. 

The  standardizing  of  materials  and  machinery  used  by  engineers 
has  already  made  considerable  progress  in  America.  In  England 
a  strong  and  representative  committee  was  appointed  by  the  Council 
of  the  Civil  Engineers  about  three  years  ago  at  the  suggestion  of 
Sir  John  Wolfe  Barry  originally  to  standardize  rolled  iron  and 
steel  sections,  but  this  led  to  the  formation  of  other  committees  to 
deal  with  the  standardizing  of  all  classes  of  machinery  and  parts 
used  by  engineers  wherever  such  standardizing  seemed  to  be  neces- 
sary or  advantageous  to  manufacturers  and  users. 

Subdivision  of  Electrical  Matter. 

The  committee  appointed  to  deal  with  electrical  questions  after 
r  few  preliminary  sittings  decided  to  divide  their  subject  as  fol- 
lows, and  appointed  subcommittees  to  deal  with  them: 

1.  Cables  and  conduits. 

2.  Telegraphs  and  telephones. 

3.  Electrical  generators,  including  the  prime  movers  that  drive 
them,  motors  and  transformers. 

4.  Materials  used  in  tramway  construction. 

0.  The  determination  of  certain  physical  constants  particularly 
tiiose  relating  to  temperatures  and  methods  of  determining  the 
?ame. 

Work  already  Carried  out. 

These  subcommittees,  wliich  really  became  the  worlcing  com- 
mittees dealing  with  electrical  questions,  have  now  been  at  work 
for  two  years.  That  which  dealt  with  cables  has  completed  and 
issued  a  very  complete  report  and  recommendations.  That  dealing 
with  tramway  material  has  reported  on  part  of  the  material  they 
use.  (Appendix  D.)  The  third,  dealing  with  the  more  complex 
Eubject  of  dynamo-electric  machinery,  of  which  I  had  the  honor  to 
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be  elected  as  chairman,  has  had  many  sittings,  and  has  recently 
issued  an  interim  report. 

Work  Remaining  Unfinished. 

The  recommendations  and  definitions  decided  on  in  this  report 
are  printed  in  their  complete  form  as  an  appendix  to  this  paper 
(Appendix  A),  that  is  to  say  as  far  as  the  work  of  the  committee 
has  gone  up  to  the  present  time.  One  or  two  important  subjects 
have  not  yet  been  finally  reported  on.  These  relate  to  trans- 
formers, standard  test  conditions  and  to  the  allowable  variations 
from  the  adopted  standards. 

During  the  early  stages  of  our  work  we  were  helped  by  the 
labors  of  the  committees  which  sat  previously  in  x\merica  and 
Germany  to  deal  with  the  same  subject,  and  we  feel  that  it  might 
assist  those  who  are  interested  in  the  matter  if  some  description  of 
our  work  was  laid  before  this  Congress  in  the  hopes  that  any  dis- 
cussion that  follows  on  this  paper  may  be  of  service  to  all  of  us 
engaged  in  this  interesting  subject. 

Extent  to  Which  Electrical  Standards  can  he  usefully  Carried. 

I  think  we  must  all  agree  that  electrical  standardization  must 
bear  a  different  meaning  to  standardization  of  the  far  older  and 
more  crystallized  types  of  machinery  used  by  mechanical  engineers. 
It  is  highly  undesirable  that  any  types,  patterns  or  sizes  should  be 
standardized  if  these  are  likely  in  any  way  to  hinder  the  future 
development  of  design,  but  all  who  have  looked  into  the  matter 
know  how  much  useful  electrical  standardizing  can  be  carried  out 
iu  such  matters  as  the  settling  on  correct  nomenclature,  and 
definitions  of  certain  terms  hitherto  used  in  a  somewhat  loose  way 
in  text-books  or  in  trade  lists,  in  settling  standard  test  conditions, 
in  determining  a  satisfactory  method  of  measuring  the  rise  of  tem- 
peratures in  the  parts  of  electrical  machinery  that  are  affected  by 
temperature  rise.  In  addition  to  these  we  all  feel  that  some  attempt 
must  be  made  to  standardize  sizes  in  order,  if  possible,  to  reduce 
the  number  of  patterns  that  now  must  be  kept  by  manufacturers 
and  many  of  which  are  felt  by  them  to  be  wholly  unnecessary,  and 
which  are  only  demanded  because  some  manufacturers  have  pro- 
duced them  for  special  purposes. 

Standard  Lists. 

It  appears  desirable  that  in  place  of  these, many  patterns  a 
standard  list  of  a  sufficient  number  of  sizes  to  fill  the  ordinary 
Vol.  11  —  49 
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requirements  of  nscrs  should  be  laid  down,  that  these  sizes  should 
be  so  marked  and  their  output  under  various  working  conditions 
should  be  so  clearl}'  defined  that  any  purchaser  of  a  standard 
machine  should  always  be  able  by  referring  to  his  table  of  standard 
conditions  to  determine  with  accuracy  exactly  what  the  manu- 
facturer guarantees  when  he  attaches  the  standard  mark  to  each 
standard  machine. 

I'rocedure  of  the  English  Committees. 

It  may  be  convenient  at  this  stage  to  explain  the  procedure  by 
which  our  committee  has  obtained  the  views  of  manufacturers,  con- 
sulting engineers  and  users  on  all  the  debatable  points  which  they 
have  met  with.  The  committee  itself,  being  very  representative, 
v/as  able  to  draw  up  a  list  of  the  questions  which  appeared  likely 
to  arise  and  to  circulate  these  in  the  form  of  a  circular,  which  in 
our  case  we  marked  "  C.  L.  3G  "  (Appendix  B),  and  on  which  we 
invited  remarks  and  criticism.  This  circular  was  sent  out  to  the 
whole  trade  and  to  most  of  the  consulting  engineers  and  to  a 
selected  number  of  the  principal  users.  iVfter  the  replies  were 
received  and  ta1)ulated.  they  were  discussed  in  the  committee,  which 
v,-as  then  in  a  position  to  see  that  certain  points  were  practically 
accepted  by  every  one.  The  same  circular  was  tlien  reissued 
marked  "  C.  L.  36A "  (Appendix  C),  calling  attention  to  other 
points  remaining  unsettled.  By  the  successive  issues  of  this 
amended  circular  considerable  progress  was  made  without  the 
necessity  and  loss  of  time  wliich  would  have  followed  if  we  had 
held  conferences  to  decide  on  all  these  minor  points,  but  when  all 
that  was  possible  had  been  done  by  correspondence  it  tecame  neces- 
sary to  hold  a  conference  to  decide  on  the  matters  which  remained 
unsettled.  At  this  conference  every  one  who  held  strong  views  on 
these  questions  was  invited  lo  speak,  and  the  matters  were  voted 
upon  and  final  decisions  were  thus  arrived  at. 

Standard  Electrical  Pressures  —  Low  Pressures. 

The  first  question  we  attacked  was  the  very  serious  difficulty 
which  has  arisen  in  England  owing  to  the  multiplicity  of  electrical 
pressures  or  voltages  used.  The  first  electrical  pressure  measured 
ui  the  consumers'  terminals  which  can  in  any  way  be  called  a 
ftandard  pressure  was  that  adopted  throughout  London  and  other 
large  towns  of  100  volts.  This  was  adopted  because,  at  that  time, 
tlie  electiical  energy  generally  used   for  lighting  100-volt  lamps 
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Avas  on  the  whole  the  most  trustworthy  and  suitable  to  the  users'" 
requirements.  These  100-volt  lamps  were,  as  a  rule,  supplied  from 
three-wire  SA'stems,  supplied  with  200  volts  across  the  outers,  and 
in  a  few  cases  from  five-wire  systems  having  400  volts  across  the 
outers.  As  the  lamp  manufacture  improved,  other  towns  succes- 
sively adopted  105,  110,  115  up  to  130  volts  at  the  consumers'  ter- 
minals, but  as  soon  as  trustworthy  lamps  in  excess  of  200  volts  were 
produced  many  towns  doubled  their  pressure,  supplying  their  cus- 
tomers for  a  time  from  the  original  outer  conductors  and  eventually 
resumed  the  three-wire  pressure  at  the  outers  at  double  the  original, 
that  is  to  say,  from  400  up  to  500  volts.  This  great  range  of  pres- 
sures in  use  made  it  extremely  difficult  to  draw  up  a  list  of  standard 
plant,  which  would  serve  the  majority  of  these  pressures.  We, 
therefore,  finally  decided  to  fix  on  standard  pressures  which,  M'ith 
a  10  per  cent  variation  on  either  side  of  them  would  fit  most  of  the 
existing  voltages.  We,  therefore,  fixed  on  110  volts  which,  with  the 
above  margin,  will  fit  pressures  as  follows: 

110  Pressures  from  99  to  122. 

220          "             "  198  to  244. 

440          "             "  39G  to  488. 

500          "             "  450  to  550. 

It  woidd.  of  course,  have  been  more  symmetrical  if  we  had  been 
able  to  give  550  as  our  highest  low-pressure  standard,  but  un- 
fortunately up  to  the  present  our  Board  of  Trade,  which  is  the 
ultimate  controlling  authority,  has  not  sanctioned  a  higher  maxi- 
mwm  than  500  volts,  so  we  are  obliged  to  depart  from  symmetry  at 
this  point.  As  a  matter  of  fact  tliese  voltages  appear  to  be  very 
snitable  and  fo  fit  very  well  with  existing  practice  both  in  England, 
America  and  Germany,  110  volts  being  almost  universal  as  the 
standard  pressure  for  ship  lighting. 

Standard  High  Pressures. 

The  two  sets  of  standard  high  pressures,  namely  those  at  the 
terminals  of  the  generators  and  at  the  primary  terminals  of  the 
transformers,  were  fixed  by  a  committee  presided  over  by  Mr.  C.  L. 
Sparks.  It  was  found  convenient  to  settle  on  the  even  figures  of 
2000,  3000,  GOOO  and  10,000  volts  at  the  primary  terminals  of 
the  transformers,  whereas  those  at  the  terminals  of  the  generators 
were  necessarily  10  per  cent  higher.  Tlie  standard  pressures  at 
the  pccondarv  terminals  of  the  transformers  were  fixed  so  as  to. 
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allow  of  a  5  per  cent  drop  in  the  low  pressure  distribution  system 
in  order  to  fit  into  the  standard  pressures  laid  down  as  above  at 
the  consumers'  terminals. 

JPrequencies. 

We  next  had  to  deal  with  the  vexed  question  of  frequencies. 
'Originally  two  frequencies,  one  of  50  cycles  and  another  of  25 
■cycles  were  proposed.  Some  engineers  went  so  far  as  to  demand  a 
third  in  the  interests  of  turbine  generators  and  rotary  transformers, 
^but  after  much  correspondence,  at  a  conference  at  which  the  views 
of  all  who  held  strong  opinions  on  this  matter  were  considered 
and  voted  on,  a  strong  majority  was  of  opinion  that  50  cycles 
should  be  fixed  as  the  chief  ttandard  frequency  with  25  cycles  as 
a  subsidiary  frequency  for  such  power  schemes  or  other  uses  where 
the  lower  frequency  was  specially  desirable. 

This  work  took  many  months  but  as  at  the  same  time  Dr. 
Glazebrook  was  carrying  on  the  work  of  his  committee,  which  had 
been  appointed  to  investigate  the  question  of  the  safe  limit  of 
temperature  at  which  electrical  machinery  can  be  worked  for 
lengthened  periods,  no  time  was  lost  thereby. 

Determination  of  Physical  Constants. 

The  points  to  be  investigated  by  Dr.  Glazebrook's  committee 
were  the  following: 

1.  The  maximum  temperature  to  which  the  insulating  ma- 
terials used  in  the  manufacture  of  electrical  apparatus  can  be 
exposed  for  lengthened  periods  of  time  without  electrical  or  me- 
/chanical  deterioration. 

2.  The  relation  between  the  mean  temperature  of  any  coil  ob- 
•tained  by  the  measurement  of  rise  of  its  electrical  resistance  and 
the  maximum  temperature  at  the  hottest  part  of  the  same  coil, 
obtained  by  inserting  thermo junctions  at  these  points. 

3.  The  permissible  rise  in  temperature  and  the  best  and  most 
certain  methods  of  measuring  the  same  deduced  from  this  ex- 
perimental work. 

A  long  scries  of  experiments,  lasting  many  months,  was  carried 
out  by  this  committee,  principally  at  the  National  Physical  Labora- 
4x>ry.  but  other  check  determinations  were  carried  out  at  the  works 
of  those  of  the  electrical  firms  who  wished  to  aid  the  labors  of 
the  committee.  Moreover,  in  some  cases,  it  was  desirable  to  re- 
peat the  temperature  measurements  on  coils  made  at  the  National 
Physical  Laboratory  on  the  same  coils  when  eventually  mounted 
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in  position  on  the  generators,  motors  or  transformers  for  which 
they  were  intended.  Some  of  the  results  thus  obtained  are  em- 
bodied in  excerpts  from  reports  which  I  have  attached  as  an  ap- 
pendix to  this  paper. 

Points  already  Determined  hy  Physical  Constants  Committee. 

Although  the  labors  of  Dr.  Glazebrook's  committee  are  not  yet 
complete,  sufficient  work  has  been  done  to  show  that  although 
botli  in  America,  Germany  and  England  up  to  the  present  a 
maximum  temperature  of  50  deg.  C.  should  not  be  ex- 
ceeded in  the  hottest  part  of  the  coils  and  in  a  few  cases, 
when  the  work  is  intermittent,  of  75  deg.  C;  yet  that  when 
more  accurate  methods  of  determining  the  temperatures  of  the 
hottest  parts  of  the  coils  have  been  laid  down  considerably  higher 
temperatures  may  be  allowed  by  our  English  committee  when  it 
issues  its  final  test  conditions,  for  many  of  the  materials  which  are 
today  used  by  the  manufacturers  for  the  insulation  of  coils  and 
other  portions  of  electrical  machinery  were  actually  subjected  for 
periods  up  to  nine  months  to  a  steady  temperature  of  lOO 
deg.  0.  without  either  electrical  or  mechanical  deterioration. 
It  has  also  been  shown  that  the  maximum  temperature  reached  by 
the  hottest  part  of  the  coils  that  are  nowadays  used  can  never 
leach  a  point  more  than  35  deg.  in  excess  of  the  average  tem- 
perature of  the  coil  obtained  by  percentage  rise  in  the  electrical 
resistance  of  the  copper  of  the  coil  itself.  It  appears,  therefore^ 
that  these  materials  may  be  exposed  for  great  lengths  of  time  to 
a  temperature  which  when  measured  by  rise  in  electrical  resistance 
may  be  as  high  as  75  deg,  C,  which  corresponds  to  somewhat  less 
than  100  deg.  C.  at  the  hottest  part  of  the  coil. 

Definition  of  Continuous  and  Intermittent  Working. 

Our  committee  found  that  manufacturers  and  users  both  attacl> 
great  importance  to  clear  standard  definitions  of  what  is  meant 
by  continuous  and  intermittent  running.  As  regards  the  former, 
as  it  was  generally  admitted  that  the  coils  and  hottest  parts  of 
generators  and  motors  of  modern  type  up  to  100  kilowatts  usually 
attain  their  maximum  temperature  within  the  limits  of  a  six-hour 
full-load  run,  it  was  decided  that  a  six-hour  run  should  stand  for 
the  definition  of  continuous  working;  but  as  regards  intermittent 
running,  more  especially  in  regard  to  crane  and  lift  motors  which 
work  for  short  periods  and  stand  so  that  their  coils  may  cool  down 
during  the  much  longer  periods  between  each  run,  it  was  found 
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very  difficult  to  settle  on  a  simple  and  clearly  understood  defini- 
tion of  intermittency.  Many  firms  and  users  considered  that  the 
only  definition  of  intermittent  running  would  be  that  the  inter- 
mittency should  be  defined  by  the  customer,  who  should  lay  down 
a  load  factor  on  which  the  machine  could  be  worked:  but  after 
much  discussion  this  idea  was  abandoned  as  impracticable  and  a 
simpler,  although  admittedly  imperfect,  definition  of  intermittency 
was  settled  by  the  test  run  being  reduced  from  the  six  hours  of 
coutinuous  running  to  one  hour's  running  at  full  load. 

Pressure  Rise  in  Alternators. 

The  difficult  questions  arising  out  of  the  pressure  rise  in  alter- 
nators were  very  sharply  debated  by  Mr.  Sparks'  subcommittee 
and  the  definitions  were  only  arrived  at  after  much  correspondence 
■and  many  meetings.  In  their  present  form,  however,  they  appear 
worthy  of  consideration  as  a  satisfactory  solution  of  this  important 
■question. 

Standard  Test  of  Generators  and  Motors. 

Finally  I  come  to  the  most  important  advantage  that  standardiz- 
ing offers  to  manufacturers  and  users  —  that  is,  the  issue  of  stand- 
ard lists  of  sizes.  We  first  issued  a  list  of  standard  motors.  We 
cut  down  the  number  of  sizes  from  ^  horse  up  to.  100  horse  to  15 
lor  direct  current,  to  11  for  single-phase  alternators  and  to  17  for 
two  and  three-phase  alternating  motors.  We  were  also  able  to 
issue  a  list  of  direct-current  generators  from  6  to  100  kilowatts 
comprising  only  10  sizes,  and  of  these  we  found  that  in  the  case  of 
the  direct-current  generators  all  but  the  largest  size  could  utilize 
the  frames  of  nine  of  the  standard  motor  frames. 

jSpeeds  Fixed  for  Alternators. 

For  larger  generators  above  100  kilowatts,  we  found  the  matter 
to  be  more  difficult.  Most  of  these  larger  generators  are  direct- 
coupled  to  prime  movers,  and  we  have  been  compelled  to  await 
the  labors  of  our  subcommittee  on  prime  movers  before  we  can 
issue  our  final  list  for  large  sizes.  Luckily,  in  this  case,  the  fact 
that  the  speed  in  revolutions  per  minute  for  alternators  is  fixed  for 
us  by  the  standard  frequency  and  by  the  number  of  poles  has 
€nal)led  us  to  issue  a  preliminary  list  of  nine  standard  sizes  and 
speeds  for  direct  and  alternating  generators  ranging  from  100  up 
lo  1000  kilowatts,  which  appears  to  be  convenient,  and  for  the 
reason  above  given  the  speeds  of  these  cannot  be  varied. 
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Frugress  with  Transformers. 

Of  the  work  which  remains  to  be  done,  that  on  transformers  is 
nearly  complete  but  awaits  the  labors  of  Dr.  Glazebrook's  final 
recommendations  on  temperatures.  That  of  standard  test  con- 
ditions is  not  so  advanced  but  will  be  recommenced  in  October 
when  we  have  Dr.  Glazebrook's  results  before  us.  The  permissible 
variations  from  standard  require  extreme  care. 

Effect  of  Large  Margin  of  10  Per  Cent  Allowed  on  Pressures  on 
Motor  Design. 

I  have  mentioned  the  one  ease  whore,  in  order  to  fit  existing 
■electrical  pressures,  10  per  cent  variation  must  be  allowed  to  enable 
these  pressures  to  be  served  by  our  standard  sizes.  Manufacturers 
have  informed  us  that  tliis  can  be  done,  but  it  is  evidently  de- 
sirable in  the  future  that  the  number  of  large  centers  of  distribu- 
tion that  use  pressures  away  from  the  standard  pressures  now  laid 
-down  must  gradually  be  reduced  so  that  the  large  10  per  cent  limit 
may  be  no  longer  necessary.  This  10  per  cent  limit  imposes  on 
manufacturers  of  standard  motors  and  generators  a  corresponding 
margin  in  the  size  of  their  standard  patterns,  and  this  margin 
-cannot  be  reduced  until  the  call  for  the  plant  to  suit  pressures 
10  per  cent  away  from  the  standards  is  greatly  diminished. 

The  other  classes  of  permissible  variations  to  be  standardized  are 
those  due  to  the  necessary  errors  of  instruments  and  observers 
in  carrying  out  the  standard  tests. 

In  addition  to  these  it  would  be  advisable  to  standardize  per- 
missible variations  due  to  small  errors  in  manufacture  or  varia- 
tions in  the  quality  of  the  material.  It  would  be  probably  ad- 
visable to  fix  two  limits  of  variation  from  standard,  up  to  the 
first  of  which  the  goods  would  be  accepted  and  be^'ond  Avhich  and 
up  to  a  second  limit  the  manufacturer  would  be  penalized.  In 
addition  to  these,  as  in  some  cases  to  the  permissible  errors,  must 
be  added  those  due  to  instruments  and  observers'  probable  errors ;  it 
may  be  advisable  for  simplicity  sake  to  lay  down  a  maximum  scale 
including  all  such  errors  and  variations  for  each  class  of  measure- 
ment and  which  must  in  no  case  be  exceeded. 

Finally,  I  wish  to  call  attention  to  the  constitution  of  this 
committee.  Out  of  19  members  only  7  represent  manufacturing 
interests,  two-thirds  of  the  committee  being  composed  of  consult- 
ing engineers  or  users. 
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APPENDIX  A. 
PlIESSURES  AND   FREQUENCIES. 

The   following   are   the   resolutions   with   reference   to   British 
etandard  pressures  and  frequencies : 

(1.)  Eesolved  that  the  Standard  Low  Pressures  for  direct 
and  alternating-current  work,  measured  at  the  ter- 
minals of  the  consumer,  be : — 

110,  220,  440,  500,  volts. 


Though  not  included  in  the  above  standard  pres- 
sures, 380  volts  shall  be  considered  as  the  recognized 
pressure  to  be  maintained  between  the  principal  con- 
ductors in  a  three-phase  system  with  neiitral  wire,  the 
pressure  then  being  220  volts  between  the  three  con- 
ductors and  the  neutral. 


(2.)  Eesolved  that  the  Standard  High  Pressures  for  alter- 
nating-current work,  measured  at  the  terminals  of  the 
generator,  be: — 

2200,  3300,  6600,  11,000,   volts. 

(3.)  Eesolved  that  the  Standard  Primary  Pressures  for  al- 
ternating-current transformer  work,  measured  at  the 
primary  terminals  of  the  transformer,  be : — 

2000,  3000,  6600,  11,000,   volts. 

(4.)  Eesolved  that  the  Standard  Secondary  Pressures  for  al- 
ternating-current transformer  work,  measured  at  the 
secondary  terminals  of  the  transformer,  be : — 

115,  230,  460,  525,  volts  at  no  load. 

(5.)  Eesolved  that  the  Standard  Direct-Current  Pressure 
for  tramway  work,  measured  at  the  terminals  of  the 
motor,  be : — 

500  volts. 
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(6.)  Kesolved  that  tlic  Standard  Frequency  for  alternating-cur- 
rent work  be : — 

50  periods  per  second. 

But  where  the  circumstances  of  the  case  demand  a  lower  fre- 
-quency,  a  standard  of  25  periods  per  second  shall  be  adopted. 

N".B. —  The  above  Standard  Pressures  are  subject  to  a  permis- 
sible variation  of  10  per  cent  on  either  side. 


Eating  of  Geneiuvtous  and  Motors. 

(Except  for  traction  motors.) 

1.  Two  rating  shall  be  recognized  by  the  British  Engineering 
Standards  Committee  — 

(A)  Continuous  Working. 

(B)  Intermittent  Working. 

(A)  The  output  of  generators  and  motors  for  continuous 
working  shall  be  defined  as  the  output  at  which  they  can  work 
continuously  for  six  hours  and  conform  to  the  prescribed  tests. 

(B)  The  output  of  motors  for  intermittent  working  shall  be 
defined  as  the  output  at  which  they  can  work  for  one  hour  and 
conform  to  the  prescribed  tests. 

N.B. —  The  duration  of  test  for  machines  above  250  kilowatts 
is  still  under  consideration. 

2.  Every  generator  and  motor  shall  carry,  in  a  conspicuous 
position,  a  name  plate  giving  the  output  and  other  particulars 
enumerated  below. 

In  the  absence  of  any  statement  to  the  contrary,  the  output 
given  shall  always  be  understood  to  mean  the  output  for  con- 
tinuous working  under  Rating  (A). 

Xame  plates  for  machines  under  Class  (B)  shall  bear  the  word 
^'  Intermittent." 

3.  The  output  and  full-load  speed  marked  on  the  name  plate 
■shall  be  those  taken  when  the  machine  is  at  its  normal  working 
temperature,  as  determined  at  the  close  of  the  test  run  referred 
to  above. 

4.  All  generators  shall  have  their  outputs  stated  in  kilowatts 
(K.W.). 
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All  motors  shall  have  their  outputs  stated  in  b.h.p. 
5.  The    following    information    shall    be    given    on    the    name 
plates : — 


Generators 


Direct  Current. 


KW. 


Motors 


KW. 


Volts. 


Volts. 


Amps. 


Amps. 


Alternating  Current.    -I  -p,,,,  j  ^„  ,     )  Volts.  ) 


ID.C.  (Continuous  working) 
D.C.  (Intermittent  working) 

fA.C.  (Continuous  working) 
A.C.  (Intermittent  working) 


B.H.P. 

B.H.P. 

(Intermittent) 

B.H.P. 


Volts. 
Volts. 


Volts. 
Frequency. 


B.H.P.  Volts. 

(Intermittent)  Frequency. 


R.p.m. 

Power  Factor. 
R.p.m. 

R.p.m. 
R.p.m. 


R.p.m. 
Power  Factor. 

R.p.m. 
Power  Factor. 


The  above  applies  to  combined  machines,  such  as  motor  gen- 
erators, boosters,  rotary  converters,  which  shall  have  name  plates 
giving  information  applying  both  to  input  and  output. 


Direct-Current  Generators. 

6.  The  list  numbers  represent  the  kilowatts  which  the  machine 
can  work  at  when  operated  continuously  as  a  generator. 

List  numbers  and  speeds  of  direct-current  generators  (up  ta 
100  kilowatts) ;— 


List  No. 

Standard 

Motor 
Carcase. 

1 
R.p.m. 

List  No. 

Standard 

Motor 
Carcase. 

R.p.m. 

6 

V4 

1,075 

32 

40 

750 

8 

10 

1,000 

40 

50 

675 

12 

15 

900 

60 

75 

625 

16 

20 

850 

80 

100 

575 

24 

30 

800 

100 

— 

500 

British  standard  generators  of  100  kilowatts  and  above,  whether 
for  direct  or  alternating-current  work,  shall  conform  to  the  fol- 
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lowing  list  of  sizes  and  speeds  recommended  for  generators  to  be 
directly  coupled  to  steam  or  gas  engines. 


Revolutions  per  minute 

/ 

KW 

Slow. 

Medium. 

1 
High.               1 

100 

» 

250 

500 

150 

* 

250 

428 

200 

* 

250 

375 

250 

« 

250 

375 

300 

94 

214 

375 

400 

94 

214 

375 

500 

83 

214 

300 

750 

83 

IBS 

250 

1,000 

83 

188 

250 

N.B. —  The  "  slow  "  speeds  in  the  above  table  are  tentative. 

Alternating-Current  Generators. 

7.  British  standard  alternators  of  any  type,  in  addition  to  the 
requirements  laid  down  in  previous  clauses,  in  so  far  as  tlie  latter 
apply,  shall  conform  to  the  following  regulations : — 

(a.)   They  shall  give  an  o.m.f.  curve  which,  under  all  working; 

conditions,  shall  be  as  nearly  as  possible  a  sine  wave. 
(b.)  For  exciting  the  field  magnets  the  standard  pressures 

shall  be: — 


65,  110  or  220  volts. 

(c.)  The  term  "  alternator  "  shall  not  include  an  "  exciter."" 
The  latter,  when  necessary,  shall  be  separately  speci- 
fied and  subject  to  the  regulations  for  standard  direct- 
current  generators. 

(d.)  The  regulation  of  an  alternator  shall  be  defined  as  the 
difference  between  the  rated  full-load  pressure  and  the 
no-load  pressure  with  the  same  speed  and  excitation. 
This  difference  expressed  as  a  percentage  of  the  rated 
full-load  pressure  shall  be  termed  the  percentage 
*  pressure  rise"  of  the  alternator. 
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(e.)   They  sluill  not  have  a  greater  percentage  pressure  rise 
than  six  per  cent   (6^)   on  a  non-inductive  load  and 
twenty  per  cent  (20;^)  on  an  inductive  load,  the  latter 
being  here  considered  as  one  having  a  power  factor 
of  0.8. 
This  pressure  rise  may  be  tested  on  a  non-inductive  or 
inductive  load  according  to  the  requirements  of  the 
specification. 
The  figures  in    (b)    and    (d)    shall  not  apply  to  compounded 
alternators. 

Motors. 

8.  All  motors  for  the  purposes  of  tests  shall  be  rated  under  the 
following  classes; — 

(1.)  Open. 
(2.)  Protected. 
(3.)  Ventilated. 
(4.)  Totally   enclosed. 

(1.)  and  (4.)  require  no  definition. 

(2.)   A  protected  motor  is  defined  as  a  motor,  in  which  the 
armature,  field  coils  and  other  live  parts  are  protected 
mechanically  from  accidental  or  careless  contact,  so 
as  not  to  materially  interfere  with  ventilation. 
(3.)  A  ventilated  motor  is  defined  as  a  motor  in  which  while 
ventilation  is  provided  for,  access  to  the  armature, 
field  coils  and  other  live  parts  is  only  to  be  obtained 
by  opening  a  door  in,  or  removing  a  portion  of,  the 
enclosing  case. 
!N".B. — An  alternating-current  motor,  class    (3),  in  which  the 
slip  rings  are  outside  the  protection,  shall  be  considered  as  coming 
under  class  (2). 

List  of  Motors. 

9.  The  list  numbers  represents  the  b.h.p.  which  the  machine 
can  work  at  when  running  continuously  as  a  motor,  at  the  standard 
pressure  of  220  volts,  up  to  and  including  two  (2)  b.h.p.,  and 
above  that  size,  at  the  standard  pressure  of  440  volts. 

10.  The  following  are  the  list  numbers  of  British  standard  sizes 
of  motors : — 

List  numbers  (direct-current). 

i,  I,  1,  2,  3,  5,  7^,  10,  15,  20,  30,  40,  50,  75,  100. 
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List  mnnbcrs  (single-phase)  50  cycles. 
1,  2,  3,  5,  7h  '/1-A,  10,  10a,  15,  20,  25. 

List  numbers  (two-and  three-pliase)  50  cycle?. 
1,  2,  3,  5,  7^,  7|A,  10,  10a,  15,  20,  25,  30,  40,  50^, 
50a,  75,  100. 

11.  List  numbers  and  speeds  of  motors  (up  to  b.h.p.). 
Direct-Current  Motors. 


List  No. 

R.p.m. 
at  full  load. 

List  No. 

R.p.m. 
at  full  load. 

List  No. 

R.p.m. 
at  full  load. 

i 

1600 

5 

1000 

30 

750 

i 

1400 

n 

1000 

40 

700 

1 

1400 

10 

900 

50 

650 

2 

1100 

15 

850 

75 

600 

3 

1100 

20 

800 

100 

55a 

Alternating-Current  Induction  Motors. 
Single-phase,  50  cycles. 

TisfWft  R.p.m.  TistNn  R.p.m.  TisfXo  R.p.m. 

"®'^®-        at  uo  load.  List  JNo.      at  no  load.        ^ist  ^o.  at  do  load. 

1  1500      7^  1500  15  1000 

2  1500      7iA  1000  20  1000 

3  1500  10  1500  25  750 
5  1500  10a  1000  ..  .... 

Two-  and  Three-phase,  50  cycles. 

'^ R.p.m.  J .  ^  ^  R.p  m. 

at  no  load.  i-ist  ino.         at  no  load. 

1500  40  750 

1000  50  750 

1000  50a  600 

1000  75  600 

750  100  500 

750 

The  figures  referring  to  alternating-current  motors  give  the  no- 
load  or  synchronous  speeds;  allowance  should,  therefore,  be  made 
for  a  reduction  in  speed  at  full  load  of,  from  about  seven-and-a-half 
per  cent  (7^^)  in  the  smallest  motors  to  two-and-a-half  per  cent 
{2^^)  in  the  largest  motors. 


List  No. 

K.p.m. 
at  no  load. 

List  No. 

1 

1500 

10 

2 

1500 

10a 

3 

1500 

15 

5 

1500 

20 

n 

1500 

25 

7U 

1()00 

30 
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APPENDIX  B. 

SUB-COMMITTEE     ON     GENEEATORS,    MOTOES     AND 
TEANSFOEMEES. 

Proposals  and  Questions. 

1.  Proposed  standard  direct-current  voltages  to  be  within  10 
per  cent  on  either  side  of  the  following: 

110  

220 
440 
550  

2.  Proposed  frequencies  for  alternating  plant: 

25  periods  per  second  for  power  ....  .... 

50  periods  per  second  for  lighting  ....  .... 

3.  Names  of  British  standard  sizes  of  motors  and  generators: 

It  is  proposed  to  give  each  size  a  list  number,  which  is  the  b.h.p. 
which  each  machine  can  give  off  when  running  continuously  as  a 
motor  at  the  standard  voltages  and  at  the  revolutions  as  given 
hereunder, 

4.  Proposed  list  of  sizes  up  to  100  horse-power: 


liist  No. 

R.p.m. 

i 

1400 

i 

1400 

1 

1400 

2 

1100 

3 

1100 

5 

1000 

n 

1000 

10 

900 

15 

900 

20 

900 

30 

800 

40 

750 

50 

650 

75 

GOO 

100 

550 

N.B. —  It  is  believed  that  manufacturers  wil 
to  stock  frames  or  carcases  of  these  15  sizes  on 


find  it  convenient 
y,  as  in  most  cases 


QROMFTON:     iiTAi\DAlWlZAT10N   OF  MACHINERY.         783 

the  sizes  will  be  governed  by  their  use  as  motors,  or  if  used  as 
dynamos  they  will  in  most  eases  be  belt  driven.  It  is  believed 
that  in  nearly  all  cases  sizes  larger  than  these  will  be  coupled  direct 
to  prime  movers  and  their  speed  and  size  will  be  governed  by  the 
corresponding  makers'  sizes  of  steam  engines,  gas  engines,  etc.,  so 
that  a  proposed  list  of  these  larger  sizes  cannot  be  circulated  until 
the  sub-committee  obtain  the  views  of  the  engine  builders 
•  ••  ..•«••«••• ..•••(•.••••••••••••••••••••••••••••••••••••» 

5.  Give  your  views  on  the  suitability  of  the  above  list  as  a 
standard  list  and  add  or  delete  any  sizes  you  consider  necessary 
or  unnecessary 

6.  Standard  test  conditions  not  yet  determined  upon,  buf  for 
preparation  of  above  list  it  may  be  assumed  that  the  maximum  out- 
put is  fixed  by  sparkless  continuous  working;  maximum  tempera- 
ture reached  not  to  exceed  50  deg.  C.  above  that  of  atmosphere  of 
test  room  .*« 


7b4 
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APPENDIX  C. 

SUB-COMMITTEE     ON     GENERATORS,     MOTORS     AND 
TRANSFORMERS.     DIRECT-CURRENT  MACHINERY. 

Proposals  and  Questions. 
British    standard    sizes    ol    motors    and    generators    for    direct 
current. 

1.  It  is  proposed  to  give  each  size  a  list  number  which  gives  the 
b.h.p.  a  machine  can  work  at  when  running  continuously  as  a 
motor.  The  motors  to  work  at  the  standard  pressure  of  220  volts 
up  to  and  including*  b.h.p.,  and  at  the  standard  pressure  of 
440  volts  above  that  size,  at  the  speeds  as  given  below. 

2.  Proposed  list  of  sizes  of  motors  up  to  100  b.h.p.  List  numbers 
i,  I,  1,  2,  3,  5,  71,  10,  15,  20,  30,  40,  50,  75,  100. 

N.B. —  It  is  believed  that  both  manufacturers  and  users  will 
find  these  sizes  sufficient,  as  in  most  eases  the  sizes  will  be  governed 
by  their  use  as  motors.  Motors  required  to  run  at  speeds  other  than 
shown  in  the  list   can  be  met  by  variations  in  the  winding. 

This  applies  equally  to  their  U:?o  as  generators. 

The  standard  conditions  of  the  test  which  will  accurately  define 
the  output  of  each  size  will  be  circulated  later. 

I.  n.  III.  IV.  V. 

Revs,  per  min. 
at  full  load. 


B.H.P. 

Revs,  per  min. 
at  full  load. 

Revs,  per  min.      Revs,  per  min. 
at  no  load.            at  full  load. 

i 

1600 

1500               

i 

1600 

1.500               

1 

1600 

1500               

2 

1600 

1500               

3 

1500 

1500               

5 

1350 

1500               

n 

1300 

1500               

10 

1200 

1500               

15 

1100 

1000               

20 

1000 

1000               

30 

850 

750               

40 

750 

750               

50 

750 

750               ...... 

75 

650 

600               

100 

600 

600               

•This  fijTiirp  15  iinrler  oon>iderntJon. 


788         CROMPTON:     STANDARDIZATION   OF  MACHINERY. 

3.  The  speeds  given  in  column  II  are  those  suggested  by  the 
snh-committee  after  correspondence  with  the  large  users  and  manu- 
facturers of  motors.  If  you  do  not  approve  of  these  speeds,  kindly 
insert  in  column  IV  the  speeds  you  consider  most  suitable  to 
meet  ordinary  commercial  demands. 

4.  If  you  deem  it  advisable  to  standardize  a  second  list  of  notably 
lower  speeds  kindly  insert  the  figures  you  suggest  in  column  V. 

For  comparison,  the  speeds  settled  upon  for  the  alternate-cur- 
rent motors  for  the  sizes  stated  are  given  in  column  III. 

5.  Do  you  consider  it  advisable  to  standardize  the  diameter  of 
the  pulley  end  of  the  shaft? 

6.  In  the  event  of  a  conference  being  arranged,  please  state 
whether  3-ou  would  be  prepared  to  send  a  representative  to  lay  your 
views  personally  before  the  committee. 
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APPENDIX  D. 

Tubular  Tra.mway  Poles. 

1.  The  poles  shall  be  of  mild  steel  free  of  all  defects  and  shall 
1)0  of  three  classes. 

Light  Pole.  Medium  Pole.  Heavy  Pole. 

2.  The  sectional  poles  shall  be  either  solid  drawn,  or  lap-welded 
wrought  steel,  free  of  all  defects,  made  up  in  three  sections,  swaged 
together  when  hot  so  as  to  make  a  perfect  joint.  The  lap-welded 
seams  in  the  sections  shall  be  set  at  an  angle  of  one  hundred  and 
twenty  degrees  (120°)  to  each  other. 

The  taper  poles  shall  be  of  wrought  steel,  free  of  all  defects,  rolled 
in  one  length  and  butt  welded  the  entire  length.  The  butt  welding 
shall  be  carried  out  at  an  even  temperature  without  overheating 
and  no  pole  shall  show  any  signs  of  burning  at  the  weld. 

3.  The  overall  length  of  any  pole  shall  bo  thirty-one  feet  (31  ft). 

4.  The  length  of  the  telescope  joint  in  the  sectional  poles  shall 
be  eighteen  inches  (18  ins.). 

5.  The  length  of  the  sections  shall  be: 

Top  section  ,         8  feet  6  inches. 

Middle  section         8  feet  6  inches. 

Bottom  section         17  feet. 

6.  The  outside  diameters,  in  inches,  of  the  three  classes  of  both 
feectional  and  taper  poles,  shall  be : 


SECTIOXAL  POLES. 

Class. 

Top. 

Middle. 

Bottom. 

Light    

5^  ins 

6^  ins. 

7^  ms. 

Medium    . .. 

64  ins. 

7~h  ins. 

8^  ins. 

Heavy 

7^  ins, 

8\  ins. 

9Uns. 

TAPEE  POLES. 

Class. 

Outside  diameter  9  feet, 
Top.                   6  inches  from  basa. 

Light   . , 

4^  ins. 

'^1 

ins. 

Medium 

. . . 

5f  ins. 

si 

ins. 

Heavy    . 

6|  ins. 

H 

ins. 
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7.  The  thickness  of  metal  in  an-y  pole  shall  not  be  less  than  one- 
quarter  of  an  inch  (-]-  in.). 

8.  The  completed  poles  shall  be  straight  and  true  over  theii 
entire  length  to  within  one-quarter  of  an  inch  (^  in.). 

9.  The  section  of  any  pole  shall  be  as  nearly  circular  as  possible, 
not  varying  in  diameter  by  more  than  one-sixteenth  of  an  inch 
(1/16  in.)  from  the  adopted  standard. 

10.  Five  per  cent  of  each  class  of  sectional  pole  shall  be  sub- 
j<'cted  to  the  following  drop  test: 

The  pole  shall  be  dropped  vertically,  butt  downwards,  three  time? 
in  successicm,  from  a  height  of  6  ft.  on  to  a  hard  wood  block  f 
ins.  thick  laid  on  a  concrete  foundation,  without  showing  any  signs 
of  telescoping  or  loosening  of  joints. 

11.  Five  per  cent  of  each  class  of  both  sectional  and  taper  pole 
shall  be  subjected  to  the  following  bending  tests: 

The  pole  shall,  in  each  case,  be  rigidly  supported  for  6  ft.  from 
the  butt,  and  loaded,  as  a  cantilever,  eighteen  inches  (18  ins.) 
from  the  top,  the  load  being  applied  at  right  angles  to  thp  axis  of 
the  pole  which  shall  be  fixed  horizontally.  Upon  the  application 
of  the  following  loads  in  lbs.,  the  temporary  deflection  and  perma- 
nent set,  measured  at  the  point  of  application  of  the  load,  shall  not 
exceed  the  figures  stated  in  the  tables. 

Load  in  lbs.  for  Load  in  lbs.  for 

temporary  deflection        permanent  set  not 
Class  of  pole.  cot  exceeding  6  ins.  exceeding  i^  in. 

Light   ,  750  lbs.  1,000  lbs. 

Medium    1,250  lbs.  1,750  lbs. 

Heavy    '       2,000  lbs.  2,500  lbs. 

12.  In  the  event  of  the  poles  not  fulfilling  the  test  requirements, 
a  further  5  per  cent  shall  be  subjected  to  the  tests  enumerated 
above;  should  any  pole  fail,  the  whole  parcel  from  which  the  poles 
have  been  selected  shall  be  liable  to  rejection. 

13.  The  maker,  at  his  own  expense,  and  to  the  satisfaction  of  the 
engineer,  shall  provide  all  the  necessary  testing  apparatus  at  his 
own  works. 

Discussion. 
Chairman   Steinmetz:      We  have  before  us   for  discussion  the   paper 
of  Col.  Crompton,  on  Standardization.     It  is  an  extremely  important  sub- 
ject.    As  many  of  5^ou  probably  know,  the  American  Institute  of  Electrical 
Engineers  appointed  a  Committee  on  Standardization,  I  believe  about  seven 
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years  ago.  This  committee  devoted  two  years  to  a  very  careful  study  of 
the  question  of  standardization,  and  then  issued  a  report,  which  was  ac- 
cepted by  the  American  Institute,  published,  and  has  become  practically 
the  universal  standard  of  the  American  industry.  The  committee  has 
remained  in  existence  since  that  time,  improvements  have  been  made, 
and  the  report  reissued;  but  the  original  work  of  the  committee  has 
remained  practically  unchanged.  No  defects  have  been  found,  and  in  a 
short  time  the  work  of  the  committee  has  proven  to  be  extremely  successful. 

Our  English  brethren  are  now  considering  the  same  problem,  are  endeavor- 
ing to  adopt  standards,  and  they  have  had  the  kindness,  through  Col. 
Crompton,  to  bring  the  matter  before  us  to  endeavor  to  see  if  some  way 
could  not  be  found  of  getting,  not  merely  an  American  standard  or  British 
standard,  but  to  come  to  an  agreement,  at  least  in  a  number  of  important 
matters,  which  would  extend  beyond  the  national  limits.  Therefore,  this 
matter  ought  to  be  given  very  careful  consideration,  since  it  is  of  the 
utmost  importance.     I  therefore  call  for  discussion  on  this  paper. 

Mr.  John  W.  Lieb,  Jr.:  A  paper  of  this  kind  requires  much  more  ma- 
ture consideration  than  any  of  us  have  been  able  to  give  to  it ;  however  in 
looking  it  over  hastily  there  is  one  point  on  which  I  fear  it  will  be  rather 
diflicult  to  arrive  at  an  agreement,  certainly  not  without  a  compromise, 
and' that  is  the  question  of  the  standard  frequency.  In  this  country  the 
standard  frequencies  have  practically  come  down  to  sixty  cycles  per  second 
for  cases  where  the  major  portion  of  the  energy  is  to  be  used  directly  for 
lighting  purposes,  and  twenty-five  cycles  per  second  where  the  supply  to 
motors  is  predominant  and  for  the  operation  of  converters. 

We  read  in  the  recommendations  made  by  our  colleagues  of  the  Institu- 
tion of  Electrical  Engineers  of  Great  Britain  that  they  favor  a  frequency 
of  fifty  cycles  and  twenty-five  cycles  respectively.  It  will  now  be  desirable 
to  give  a  careful  study  of  the  question  as  to  whether  it  is  practicable  to 
get  together.  I  must  say  that  in  looking  over  this  paper,  it  strikes  me 
that  it  covers  an  enormous  amount  of  work,  and  it  is  hardly  possible, 
in  the  brief  opportunity  we  have  had  to  examine  it,  to  take  it  up  in  detail. 

Gol.  Crompton:  Mr.  Chairman,  permit  me  to  suggest  that  per- 
haps it  might  m.ake  it  easier  if  there  are  important  question'^  arising  one 
after  another,  to  take  this  frequency  question,  discuss  it  by  itself,  and  go 
to  another,  and  finish  off  each  one  at  a  time.  Then  I  should  be  able  to 
answer  on  each  one  in  turn. 

Chairman  Steinmetz:  Gentlemen,  while  we  are  all  extremely  interested 
in  the  question  of  standardization,  there  is  one  difficulty  to  be  met,  and 
that  is  this  —  in  standardizing  as  in  legislation,  whatever  we  do  is  de- 
pendent upon  the  decision  of  the  supreme  court,  which  has  to  decide 
whether  our  action  is  constitutional,  as  things  exist  in  the  States,  or  not 
constitutional.  If  the  supreme  court  decides  adversely,  legislation  is  in 
vain.  Unfortunately,  in  the  matter  of  standardization,  we  have  not  only 
one,  but  three  supreme  courts  —  there  is  the  consulting  engineer,  there 
is  the  large  operating  company,  and  the  large  manufacturer.  If  they  do 
not  agree  to  accept  the  results,  standardization  is  in  vain.  I  have  been 
connected  with  the  American  side  of  standardization  since  the  beginning, 
and  could  tell  quite  a  tale  of  woe,  although  we  have  been  extremely  care- 
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fill  to  avoid  as  much  as  possible  anything  which  may  not  be  approved. 
We  have  found  tliat  standardization  of  nomenchitnre,  of  methods,  of  test- 
ing, etc.,  are  well  received  and  have  been  universally  adopted.  We  have 
been  successful  in  getting  universal  recognition  for  all  those  standards  of 
numerical  values,  as  pressure,  operating  volts,  temperatures,  generators, 
motors,  transmission,  etc.,  where  we  have  selected  these  values  which  had 
already  been  adopted  by  the  best  practice  of  the  electrical  engineering  pro- 
fession. We  have  not  been  as  ambitious  as  our  English  friends  are  in 
attempting  to  standardize  speeds  and  sizes,  because  we  very  soon  realized 
that  would  be  in  vain,  because  the  manufacturers  would  not  adopt  the  size 
and  the  customers  would  call  for  different  sizes,  and  the  manufacturers 
would  supply  these  different  sizes.  In  some  cases  of  standardization,  in 
a  few  instances  we  have  had  this  experience  where  we  standardized  cer- 
tain frequencies  and  certain  voltages,  but  the  industry  went  away  from 
those  and  selected  something  else,  and  we  had  to  revise  our  standards. 

As  I  look  over  the  paper,  the  main  and  foremost  stumbling  block  in 
the  way  of  agreement  between,  the  two  countries  would  be  the  frequency 
of  fifty  cycles.  In  the  United  States  fifty  cycles  was  tried  to  a  limited 
extent  in  1892  and  in  1893,  but  very  soon  the  electrical  engineer  drifted 
away  from  fifty  cycles  and  imiversally  adopted  sixty  cycles.  All  the 
other  frequencies,  forty  cycles,  12.5  cycles,  etc.,  have  disappeared.  There 
remain  only  twenty- five  cycles  and  sixty  cycles,  but  the  amount  of  mach- 
ineiy  existing  here  in  sixty-cycle  apparatus  is  so  enormous,  is  so  universal 
over  all  the  country  that  I  fear  that  any  attempt  to  change  the  standard 
frequency  would  merely  result  in  introducing,  to  a  more  or  less  limited 
extent,  an  additional  frequency  of  fifty  cycles,  without  eliminating  the 
sixty-cycle  apparatus,  though  I  personally,  and  most  of  us  here,  would 
desire  a  standard  frequency  in  unison  with  our  English  friends  and  would 
be  willing  to  accept  fifty  cycles.  I  grant  even  that  if  you  go  before  the 
large  manufacturers,  they  would  say,  "  Yes,  we  would  prefer  fifty  cycles 
to  get  together  with  our  English  friends;  "  and  they  would  be  willing  to 
accept  fifty  cycles;  but  when  you  look  at  the  balance  sheets  of  the  next 
years  you  would  find  90  per  cent  of  the  apparatus  to  be  sixty  cycles 
and  10  per  cent  to  be  fifty  cycles,  at  the  best. 

We  had  similar  experience  with  the  transformer  ratios  in  the  first 
standardization  report.  The  standard  ratios  of  nine  to  one  and  eigliteen  to 
one  were  adopted,  and  all  manufacturers  accepted  it,  but  when  in  the  re- 
vision we  investigated  the  statistical  data,  we  found  that  although  the 
manufacturers  had  adopted  the  nine  to  one  ratio  as  standard,  they  built 
several  times  as  many  ten  to  one  transformers,  as  nine  to  one  transformers, 
and  we  concluaed  then  that  we  would  have  to  give  the  nine  to  one  ratio  up. 
Although  everybody  was  willing,  it  was  not  possible  to  carry  it  through, 
and  I  am  afraid  the  case  would  be  the  same  with  fifty  cycles.  Therefore 
we  should  like  to  hear  from  our  English  friends  the  reasons  for  their  adopt- 
ing fifty  cycles.  I  know  on  the  Continent  it  is  used  to  a  very  large  ex- 
tent, and  I  know  a  compromise  by  sacrificing  fifty  cycles  in  favor  of  the 
American  standard  of  sixty  cycles  would  be  expecting  very  much  from 
our  English  friends;  but  at  the  same  time,  for  the  sake  of  harmony  be- 
tween all  branches  of  the  electrical  industry,  here  and  abroad,  I  hope  it 
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can  be  arranged,  because  I  can  see  that  it  would  be  practically  impossible, 
na_y,  it  would  be  indeed  impossible  to  secure  a  change  of  frequency  in  the 
United  States  from  sixty  to  iifty  cycles,  since  sixty  cycles  has  now  been 
adopted  as  a  universally  recognized  standard  in  this  country  for  six  years  or 
more,  and  everything  else  has  disappeared.  Abroad  it  is  not  quite  as  bad 
as  that  yet.  In  addition  to  fifty  cycles,  there  are  still  sixty  cycles,  eighty- 
three  cycles,  forty-two  cycles,  forty  cycles,  and  other  frequencies,  and  so  it 
inay  still  be  possible  to  direct  the  industry  abroad  towards  sixty  cycles. 

Col.  R.  E.  B.  Ckompton:  A  heavy  responsibility  rests  with  me  as 
1  have  to  answer  for  my  colleagues  on  the  English  Committee  who  have 
carried  the  work  of  electrical  standardization  up  to  its  present  point.  I 
will  do  my  best,  but  I  speak  with  a  full  sense  of  responsibility. 

I  must  first  explain  that  in  England  we  are  somewhat  favorably  situated 
as  regards  enforcing  standardization.  I  do  not  think  that  you  have  in 
America  any  body  that  commands  so  much  authority  in  this  respect  as  our 
English  Institution  of  Civil  Engineers.  That  Institution  ia  the  parent  of 
all  the  English  technical  institutions,  and  is  of  such  standing  and  posi- 
tion in  regard  to  them  that  it  is  able  to  carry  public  opinion  with  it 
to  a  far  greater  extent  than  younger  bodies  such  as  our  Institution  of 
Electrical  Engineers  would  be  able  to  do,  as  nearly  all  the  electrical  en- 
gineers of  position  in  the  United  Kingdom  are  also  members  of  the  Institu- 
tion of  Civil  Engineers,  so  that  not  only  we,  the  electrical  engineers,  but 
every  member  of  the  Institution  of  Civil  Engineers  are  practically  bound 
to  support  and  carry  out  to  the  best  of  their  ability  any  reasonable  de- 
cisions which  may  be  arrived  at  by  the  Engineering  Standards  Committee 
of  Great  Britain,  which  was  appointed  by  the  Institution  of  Civil  Engineers 
and  is  administered  through  its  officers. 

In  this  way  our  British  Standards  Committees,  whether  they  are  stand- 
ardizing steel  sections,  tramway  rails,  pipes  or  the  electrical  standards  we 
are  now  considering,  have  enormous  powers.  They  are  able  to  carry  with 
them  our  Home  Government  Departments,  the  Government  Departments 
of  our  Colonies,  so  that  we  have  reasonable  hopes  that  all  well-considered 
proposals  for  standarization  will  be  successful  in  Great  Britain  to  a  far 
greater  extent  than  has  been  possible  in  any  other  country. 

In  carrying  on  this  discussion  it  will  be  convenient  if  I  am  allowed  to 
take  each  question  as  it  arises  and  discuss  it  by  itself,  commencing  with 
the  frequency  question.  As  the  question  of  the  adoption  of  fifty-cycle 
frequency  was  very  fully  debated  not  only  by  the  Committee  but  at  a 
conference  at  which  a  large  body  of  engineers  and  users,  representing 
all  the  interests  affected,  were  present,  including  among  them  many 
representatives  of  American  manufacturing  firms,  I  must  first  tell  you 
that  no  one  raised  his  voice  in  support  of  the  sixty-cycle  frequency  you 
use  to  such  a  considerable  extent  in  America.  At  our  conference  the 
chief  reason  why  sixty  frequency  was  not  considered  satisfactory  was 
that  it  introduced  difficulties  in  using  converters  when  on  circuits  worked 
by  internal  combustion  engines  or  any  other  engines  in  which  the  turn- 
ing moment  is  not  very  uniform.  On  account  of  this  diflBculty,  at  one 
time  there  was  quite  a  strong  party  in  favor  of  introducing  forty  fre- 
quency, but  against  this  strong  evidence  was  produced  that  such  a  low 
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frequency  could  not  be  advantageously  used  for  lighting  purposes  on 
account  of  ill  effects  on  the  eye-sight.  As  regards  twenty-five,  as  a 
second  frequency,  it  was  evidently  an  enormous  advantage  that  if  two 
frequencies  were  adopted  one  should  be  exactly  one-half  of  the  other. 
Summarising,  therefore,  the  chief  arguments  in  favor  of  fifty  frequency 
were : 

1.  Its  very  general  adoption  in  England  and  on  the  Continent. 

2.  Tliat  it  is  altogether  the  best  which  allows  of  rotary  converters  with- 
out afl'ecting  the  quality  of  the  light,  and, 

3.  That  it  allows  of  the  half  frequency  of  twenty-five,  which  is  practically 
universally  used  as  a  lower  frequency. 

Chairman  Steinmetz:     I  call  on  ilr.  Charles  F.  Scott,  of  Pittsburgh, 
to  give  us  his  opinion  of  the  possibility  of  standardizing. 

Mr.  Scott  :  As  I  listened  to  Col.  Crompton  yesterday,  I  thought  that 
I  probably  knew  what  he  was  talking  abotit  a  little  better  than  many  of 
the  others  present,  as  I  had  been  in  England  some  two  years  ago,  and  while 
there  had  given  some  consideration  to  the  subject  which  is  treated  in  his 
paper.  In  looking  over  the  catalogues  of  manufacturers  in  England  and  on 
the  Continent,  I  fotmd  that  there  was  something  which  was  amazing  to  an 
American  engineer.  The  variety  of  ratings,  of  voltages,  and  of  frequencies 
is  something  astounding.  One  manufacturer  would  have  made  probably 
three  or  four  lists  of  induction  motors  for  different  frequencies.  Some 
would  give  voltages  which  had  never  been  heard  of  in  America  as  standard 
voltages,  and  others  would  seemingly  despair  of  a  classification  of  voltage, 
and  simply  say:  motors  up  to  five  horse-power;  any  voltage  up  to  500; 
or,  motors  up  to  fifty  horse-power,  any  voltage  up  to  3000.  In  America 
we  are  keeping  closer  to  standards.  We  have  not  had  the  variety  in 
the  past,  I  think  for  several  reasons.  One  is  that  America  is  one 
country,  not  divided  politically  or  by  different  languages.  We  have 
been  more  of  a  unit.  Speaking  generally  our  engineers  have  not  been 
of  different  nationalities,  and  of  different  surroundings,  but  in  general 
they  have  been  reared  under  the  same  common  American  influences, 
and  most  of  them  have  come  from  the  same  American  imiversities, 
assisted,  it  is  true,  by  engineers  who  have  been  educated  abroad, 
altogether  making  a  common  unit  such  as  has  not  existed  else- 
where. Another  reason  for  American  standards  is  that  in  America  the 
lead  in  electrical  work  has  been  taken  by  a  few  large  companies.  Dis- 
regarding the  merits,  or  demerits,  from  the  commercial  standpoint,  of 
great  corporations,  a  few  large  companies  have  certainly  done  good  work 
in  crj'stalizing  and  systematizing  engineering  work.  Again,  the  American 
Institute  of  Electrical  Engineers  in  taking  up  these  problems  definitely 
a  number  of  years  ago  through  its  Standardization  Committee  has  done 
most  excellent  work,  and  this  is  quite  probably  one  of  the  reasons  for  the 
agreement  between  the  present  standards  proposed  in  Great  Britain  and 
those  in  America,  as  our  code  of  standardization  has  been  before  the  en- 
gineers of  Great  Britain,  to  be  followed  if  practicable. 

In  the  paper  under  consideration  a  very  wise  caution  is  given  that  only 
those  things  should  be  standardized  and  the  standardization  done  in  such 
ways  as  will  not  limit  progress.     Now,  while  the  British  Board  of  Trade 
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may  be  an  excellent  thing  as  a  supreme  court  and  police  department  in 
enforcing  standardization,  some  of  us  in  America  have  gotten  the  idea  that 
in  a  way  it  is  restrictive;  that  you  cannot  go  ahead  as  rapidly  com- 
nioicially;  that  rightly  or  wrongly  it  is  restrictive,  and  if  you  get  to  cer- 
tain standards,  certain  sizes,  certain  thicknesses,  and  go  into  matters  of 
electrical  design  and  detail,  there  is  a  danger  that  you  will  stop  there  — 
that  the  inventor  and  the  designer  may  be  restricted  in  their  work.  We 
may  place  a  limit  at  certain  temperatures  that  are  common  with  certain 
materials,  and  that  may  be  all  right;  but  we  may  discover  other  materials 
in  which  a  rise  of  temperature  twice  as  great  would  be  allowable;  or 
for  certain  service  we  may  find  that  alternators,  which  may  be  specified 
to  have  6  per  cent  regulation,  would  be  just  as  acceptable  in  service  at  10 
or  12  per  cent.  There  is  a  danger,  if  we  make  our  standards  too  rigid, 
that  we  cannot  commercially  take  advantages  of  changes  in  materials  and  in 
design  which  would  really  give  us  more  effective  results. 

In  a  measure,  if  this  standardization  is  not  made  as  a  code  of  law  to  be 
enforced  by  a  supreme  court,  but  is  given  as  a  guide  to  desirable  standards ; 
if  many  of  the  things  which  are  in  commercial  controversy  are  left  to  be 
worked  out  by  the  laws  of  competition,  indicating  the  general  lines  along 
wliich  we  are  to  go,  there  are  advantages  which  are  well  worthy  of  con- 
sideration. 

You  will  find,  as  Dr.  Steinmetz  has  pointed  out,  that  many  of  the  features 
in  our  American  code  have  been  accepted.  The  manufacturer,  the  selling 
agent,  the  operating  company,  cares  not  particularly  about  units,  or  names, 
or  prescribed  methods  of  test  —  they  are  incidental  things.  If  a  code  is 
furnished  which  will  serve  as  a  guide,  they  are  only  too  glad  not  to  elaborate 
something  new,  but  to  accept  what  has  been  worked  out  for  them. 

I  note  one  thing  which  makes  this  report  all  the  more  valuable,  and  that 
is  that  the  manufacturers  have  been  called  in  to  assist  in  giving  their 
opinions.  Manufacturing  companies,  and  the  engineers  and  designers  con- 
nected with  the  manufacturing  companies,  I  think  have  had  more  sway 
in  the  development  of  American  engineering  than  they  have  had  abroad. 
The  consulting  engineer,  for  whom  there  is  a  most  important  field  and 
place,  I  think  is  apt  to  get  out  of  what  we  would  consider  his  proper  place 
in  endeavoring  to  do  too  much  designing,  and  it  is  largely  for  that  reason 
that  the  standards  abroad  are  so  chaotic.  As  a  foreign  engineer  expressed 
it  to  me,  the  engineer  in  his  country  —  which  happened  to  be  France  — 
was  somewhat  of  an  artist.  He  wanted  to  build  up  a  new  plant  accord- 
ing to  his  own  ideas  —  if  he  simply  followed  somebody  else,  there  was 
nothing  individual  in  his  effort,  any  more  than  an  artist  would  deserve 
merit  if  he  simply  copied  some  one's  else  pictures.  He  wanted  to  build 
up  a  new  system,  and  if  he  could  find  a  voltage  or  a  frequency  that  was  a 
little  better  adapted  to  his  particular  place,  according  to  his  opinion, 
why,  that  was  undoubtedly  the  thing  to  use.  There  are  quite  different  ideas 
from  what  we  have  here,  and  I  think  ours  are  well  worthy  of  due  considera- 
tion. 

I  question  a  little,  on  the  other  side,  whether  we  need  a  supreme  court 
to  enforce  such  a  code  as  proposed.  These  are  engineering  matters,  and 
we  ought  to  be  able  to  lay  down  good  engineering  principles  wliicli  people 
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v.'ill  follow  of  their  own  accord;  and  not  to  make  our  engineering  stand- 
ards matters  to  be  enforced  and  held  to  in  all  cases,  but  standards  wliich 
will  be  generally  recognized  as  suitable  and  acceptable.  You  lay  down 
a  certain  diameter  of  pole  for  trolley  road  construction.  Let  the  com- 
mercial public  accept  that  as  a  standard  of  excellence;  but  if  inventors 
or  manufacturers  can  make  something  else,  or  do  something  better  by 
varj'ing  one  way  or  another  from  the  recommended  standard,  very  gooJ ; 
but  there  is  an  accepted,  definite,  standard  of  excellence.  I  may  be  swing- 
ing the  pendulum  a  little  too  far  in  saying  that  this  code  should  simply 
be  merely  a  standard  of  excellence,  but  I  want  to  emphasize  the  point 
that  we  must  not  make  these  standards  too  hard  and  fast. 

In  regard  to  the  question  of  frequency,  some  two  years  ago  I  made  a 
careful  study  of  the  subject  of  frequency  abroad  and  frequency  in  America. 
I  had  every  reason  for  desiring  to  find  that  sixty  cycles  would  be  a  de- 
sirable frequency  to  use  in  England,  because  it  conformed  to  the  American 
standard.  Taking  a  general  observation  of  the  frequencies  used  abroad, 
of  the  tendency  in  Europe  toward  fifty  cycles,  of  the  amount  of  work 
done  at  or  near  fifty  cycles  in  England,  and  of  certain  advantages  in  the 
use  of  rotary  converters  and  of  slower  speeds  with  fifty  cycles,  it  seemed 
to  me  that  it  would  be  practically  impossible,  and  from  the  standpoint 
abroad  probably  undesirable,  to  adopt  a  higher  frequency.  That  is  in  cer- 
tain ways  not  a  matter  upon  which  we  need  to  agree  as  much  as  on  many 
other  things.  The  use  of  a  common  frequency  would  be  felt  particularly  in 
the  commercial  exchange  of  apparatus;  it  is  a  commercial  rather  than  an 
engineering  question,  and  it  woiild  be  highly  desirable  to  have  the  oom- 
mon  frequencies,  but  while  desirable,  I  hardly  regard  it  as  fundamental. 

I  want  to  emphasize  what  has  been  said  about  the  comprehensiveness 
with  which  this  work  has  been  done;  it  is  a  good  example  for  us,  and  I 
hope  permanent  means  may  be  taken  by  which  the  two  countries,  as  well 
as   other  countries,  may  have  their  common  standards  of  excellence. 

Dr.  R.  T.  Glazebkook:  As  a  member  of  the  English  committee  here, 
may  I  add  a  few  words  to  what  has  been  said,  although  I  claim  no  par- 
ticular technical  knowledge  on  any  of  the  points  that  have  been  raised. 
I  think  our  "warm  thanks  are  due  to  Mr.  Scott  for  what  he  has  said  and  for 
the  cordial  reception  generally  which  has  been  given  to  this  idea  of 
standardization ;  but  the  point  I  particularly  wish  to  enforce  is  that  there 
is  no  attempt  in  England  to  establish  a  definite  hard  and  fast  rule,  or 
establish  any  supreme  court  or  court  of  appeal  which  shall  lay  down 
the  law  and  say  that  electrical  machines  must  be  of  this  or  that  form. 

ITie  idea,  I  am  confident,  that  has  animated  practically  all  the  mem- 
bers of  the  committee  who  have  worked  at  this  subject  is  that  which 
Mr.  Scott  put  forward  just  now  —  to  indicate  to  the  best  of  our  ability 
Avhat  seems  to  be  the  best  form  of  the  machine  in  certain  essential  par- 
ticulars, and  to  leave  it  to  the  common  sense  of  Englishmen  —  which  is 
not,  I  venture  to  think,  inconsiderable, —  to  adopt  those  forms  if  they  see 
fit,  feeling  sure  that,  if  the  committee  had  made  a  good  selection,  the.se 
forms  will  be  generally  used  and  adopted.  I  think  I  may  say  that  there 
will  be  no  intention  whatever  on  the  part  of  the  English  Board  of  Tradi-, 
or  any  authority  of  the  kind  in  England,  to  insist  on  standards  such  as 
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these,  without  the  possibility  of  change.  I  am  not  quite  certain  as  to 
whether  Mr.  Scott  is  not  a  little  confused,  perhaps,  between  the  action 
of  the  Board  of  Trade  now  and  some  unfortunate  legislation  that  took 
place  in  England  some  few  years  ago.  I  am  certain  that  the  present 
officials  of  the  Board  of  Trade  are  most  anxious,  in  every  way  they  can, 
to  encourage  the  development  of  the  electrical  industry,  and  to  encourage 
it  on  wise  and  good  lines.  They  recognize  the  value  of  freedom,  and  I 
feel  sure  that  they  would  deprecate  any  suggestion  that  they  should  act 
as  a  court  of  appeal  to  settle  details  as  to  standards  of  this  kind.  On 
certain  points,  legislation  may  have  to  take  place,  and  then  they  will  have 
to  be  consulted.  Take,  for  example,  one  matter  Mr.  Scott  referred  to, 
the  possibility  of  a  variation  in  the  temperature  limits  allowed  in  ac- 
cordance with  material  used  in  construction.  That  matter  has  been  before 
our  eyes  throughout,  and  in  the  experiments  which  it  has  been  my  privilege 
to  make,  to  determine,  to  some  extent,  what  the  limits  of  temperature 
should  be,  it  has  been  clearly  shown  that  materials  used  in  the  ordinary 
construction  of  machines  diflfer  considerably,  and  very  possibly  we  may 
have  to  assign  diflferent  limits  of  permissible  temperature  according  to 
the  metals  used  in  the  construction. 

My  sole  object  in  rising,  sir,  was  to  thank  the  meeting  for  the  way 
in  which  this  paper  has  been  received,  and  to  assure  you  that  we  Eng- 
lishmen value  our  freedom  in  this  respect  and  intend  in  the  future  to 
act  on  it  as  in  the  past. 

Prof.  F.  B.  Ckocker:  The  subject  before  the  meeting  is  one  to  which 
I  have  given  attention  for  a  good  many  years.  I  had  the  honor  of  intro- 
ducing in  a  Council  meeting  of  the  American  Institute  of  Electrical  En- 
gineers in  1898  a  resolution  authorizing  the  appointment  of  a  committee 
to  take  up  the  standardization  of  electrical  machinery.  Previous  to  that 
time,  as  a  manufacturer  and  as  an  engineer, —  I  was  fortunate  perhaps 
in  occupying  both  positions, —  I  had  seen  the  necessity  of  some  such  ac- 
tion. That  committee  was  appointed  and  I  had  the  honor  to  be  chairman 
of  it.  At  first  it  was  rather  uphill  work  —  many  thought  it  was  an  at- 
tempt to  force  something  upon  them ;  so  that  some  manufacturers  re- 
sented the  attempt,  and  there  was  a  little  trouble,  but  it  all  disappeared 
and  now  there  is  no  trouble  whatever.  Another  difficulty  was  anticipated  — 
the  fear  that  the  Institute,  having  no  authority  to  enforce  the  recom- 
mendations of  the  committee,  would  discover  that  the  recommendations 
were  ignored  and  no  attention  paid  to  them.  That  fear  proved  to  be 
wholly  unfounded,  and  I  think  we  have  succeeded,  as  the  course  of  events 
has  shown,  in  securing  the  adoption  of  these  standards  to  a  very  large 
extent.  The  recommendations  were  reasonable ;  they  were  not  enforced,  but 
were  acceded  to  and  accepted  very  graciously,  and  everything  has  proven 
satisfactory. 

I  refer  to  this  matter,  because  that  question  has  arisen  in  regard  to  en- 
forcing standards  by  the  Board  of  Trade,  a  body  which  has  the  power  to 
enforce  such  recommendations  in  England,  which  is  not  possible  in  this 
country.  I  tliiiik  it  would  be  wise  for  the  Board  of  Trade  or  the  author- 
ities in  England  not  to  tiy  to  force  matters.  I  think,  as  ^Nlr.  Scott  savs,  it 
is  wise  to  let  people  accept  the  recommendations  and  it  is  wonderful  how 
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quicklj'   and  gracefully   they  do  so,  and   how  well   satisfied  every  one   is-. 
All  of  which  is  very  encouraging  to  those  introducing  standards. 

Now  as  to  the  exact  recommendations.  I  listened  to  Col.  Crompton"* 
paper  yesterday  with  interest  and  carefullj-  studied  it  outside  of  the 
meeting,  and  i  think  his  recommendations  are  admirable  in  general.  I 
think  the  10  per  cent  allowance  in  voltage  is  rather  large;  but  1  under- 
stand, and  in  fact  it  is  stated,  that  the  allowance  is  made  to  bring  the 
550  volts  ill  line  with  500  volts.  1  think  the  500  volts  stamlaid  is 
undesirable. 

Col.  Ckompton:  That  is  something  that  is  going  to  be  dropped, 
the  500  volts.  Since  this  paper  was  written  I  may  tell  you  that  the  Board 
of  Trade  has  practically  consented  to  allow  us  to  do  something  else. 

Prof.  Crocker:  I  bring  that  up,  however,  as  a  pouit  wheie  the 
Board  of  Trade  with  its  absolute  authority  can  do  harm,  assuming  that  they 
do  not  drop  the  500-volt  standard.  We  have  no  such  authority  in  this 
country.  Our  National  Board  of  Fire  Underwriters  has  authority  which  is 
powerful  indirectly;  but  we  have  no  board  in  our  government  that  has 
authority  in  the  same  sense  that  the  Board  of  Trade  in  England  has 
power. 

Then  in  regard  to  the  ratings  in  transformer  ratios,  it  is  a  mere  detail, 
but  is  rather  an  odd  ratio  as  it  works  out. 

There  is  another  point,  nothing  but  a  verbal  one,  but  I  protest  against 
this  use  of  the  expression  "  slow  speed."  I  do  not  know  where  it  came 
from.  Why  not  say  high  speed  and  low  speed?  I  think  in  the  catalogue 
of  most  of  our  manufacturers  —  I  am  afraid  it  is  so  in  our  own  catalogue 
—  the  term  "  slow  speed  "  is  used.  I  do  not  see  any  reason  for  it.  Low 
speed  is  better  English  and  does  not  involve  that  curious  contradiction  in 
terms. 

Another  thing  that  ^Ir.  Scott  touched  on  which  is  important,  and  that 
is  the  tendency  to  lay  down  rules  as  to  construction.  I  think  that  would 
be  a  mistake.  You  should  lay  down  rules  for  performance  only.  I  do  not 
care  if  a  man  makes  a  machine  with  no  poles,  provided  it  operates  at  re- 
quired voltage  and  amperes,  with  good  regulation.  In  that  case  you  have 
simply  got  rid  of  your  poles.  I  do  not  see  any  sense  in  saying  that  poles 
should  be  sixteen  and  three-fourths  inches  wide.  That  is  nonsense.  The 
recommendations  should  be  absolutely  confined  to  i)erformance  and  not 
attempt  to  cover  construction.  Be  careful  in  your  requirements  of  per- 
formance, but  not  as  to  the  construction  of  a  niaciiine.  These  are  the  only 
points  that  occur  to  me. 

Chairman  Steinmexz:  I  believe  1  voice  your  sentiments,  gentlemen, 
in  saying  that  we  should  be  very  pleased  to  hear  from  Mr.  R.  Kaye  Gray,. 
President  of  the  Institution  of  Electrical  Engineers  of  Great  Britain. 

Mr.  Gray:  In  regard  to  the  question  of  standardization,  I  may  talk 
of  a  general  sentiment  which  exists  in  the  Institution  of  Electrical  Engi- 
neers, and  also  on  the  part  of  the  members  of  the  Standards  Committee, 
I  know;  but  to  deal  first  of  all  with  the  Standards  Committee,  I  had 
the  pleasure  of  presiding  over  one  of  the  sub-sections  which  dealt  with 
cables  and  things  of  that  sort.  The  remarks  which  1  made  to  my  sub- 
section were  absolutely   those  made   by  Air.   Scott.     1  said  1   bclieveil   the 
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instructions  from  the  general  body  were  that  we  were  to  lay  down,  if 
you  will  call  it  such,  a  model  speeilication,  in  the  hope  that  it  would  by 
its  reasonableness  be  adopted  by  the  profession.  I  do  not  believe  there 
was  any  intention  even,  to  make  these  things  in  the  form  of  castiron 
rules;  but  it  was  our  idea  that  when  a  number  of  men  of  such  ability 
got  together  and.  drew  up  certain  specifications,  these  specifications  would 
appeal  to  all  other  reasonable  men  and  they  would  doubtless  follow  along 
the  same  general  lines.  I  may  mention  that  all  the  manufacturers  were 
consulted  in  these  matters,  and  what  we  have  drawn  up  in  connection 
with  the  cables  has  certainly  been  the  result  of  deliberation  between  all 
classes  of  the  community  on  our  side.  With  regard  to  the  other  question, 
no  far  as  the  Institution  of  Electrical  Engineers  is  concerned,  we  went 
further  and  tried  to  make  a  certain  amount  of  order  out  of  chaos  —  we 
drew  up  certain  model  conditions,  model  conditions  of  contract,  even,  and 
I  think  now  that  some  of  these  model  conditions  are  being  incorporated 
into  many  of  the  contracts  on  the  other  side; — not  by  any  compulsion, 
but  simply  because  they  were  so  reasonable  that  consulting  engineers  and 
others  thought  it  advantageous  to  fall  into  line  and  to  adopt  them. 

I  do  not  wish  to  discuss  the  technical  matters  treated  of  in  this  paper, 
but  think,  now  that  you  have  called  upon  me  to  speak,  it  is  my  duty  to 
say  in  the  words  I  have  used  that  there  is  no  intention  whatever  on  the 
other  side  of  the  Atlantic  to  put  obstructions  in  the  way  of  progress. 

Chairman  Stetnmetz:  We  should  be  delighted  to  hear  from  Prof.  M. 
Ascoli,  President  of  the  Associazione  Elettroteenica  Italiana,  and  secure 
some  information  on  the  subject  of  standardization  as  it  exists  in  Italy. 

Prof.  Ascon:  I  have  followed  this  interesting  discussion,  but  I 
cannot  express  myself  as  clearly  on  the  subject  as  the  speakers  who  have 
preceded  me.  The  question  of  standardization  has  not  yet  come  up  for 
discussion  before  our  association  in  Italy,  and  I  can  only  say  that  I  hojje 
to  bring  it  before  the  association. 

Chairman  Steinmetz:  Gentlemen,  if  there  are  no  further  remarks,  I 
call  upon  Colonel  Crompton  to  close  the  discussion. 

Col.  Ceompton:  I  think  there  is  little  for  me  to  say  in  reply.  I 
am  sure  that  President  Gray  and  my  English  colleagues  will  agree  with 
me  that  it  will  be  a  great  pleasure  to  us  to  be  able  to  report  to  our 
Standards  Committees  on  our  return  to  England  that  on  the  whole  the 
general  sense  of  the  American  engineers  present  at  this  conference  agrees 
very  closely  with  our  own  conclusions.  I  have  gathered  that  excepting 
this  one  matter  of  the  very  considerable  extent  to  which  sixty  frequency 
has  been  used  in  America,  and  which  I  admit  makes  the  matter  rather 
difllcult,  the  chances  of  agreement  between  the  two  countries  on  this 
question  of  standardization  of  machinery  are  very  good  indeed.  I  am 
sure  on  one  point  we  are  absolutely  at  one.  If  you  will  read  through  the 
paragraph  in  my  paper,  middle  of  page  769,  in  which  I  point  out  the  ex- 
tent to  which  electrical  standardization  can  be  usefully  carried,  you  will 
find  how  strongly  we,  the  English  Committee,  feel  that  we  must  avoid 
standardizing  design  in  any  way.  I  agree  thoroughly  with  Professor 
(Crocker  on  this  point,  and  I  am  sure  I  carry  the  opinion  of  my  own  Com- 
mittee with  me.     We  wish  to  standardize  nomenclature,  frequency,  voltage. 
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test  conditions  and  similar  matters,  and  if  possible  to  standardize  ratings 
so  as  to  minimize  as  far  as  possible  the  number  of  types  which  the  respon- 
sible consumer  or  the  consulting  engineer  can  order.  B^  such  a  standard 
list  of  ratings  we  can  eliminate  the  special  types,  which  the  common  sense 
of  manufacturers  and  users  has  decided  are  not  necessary  as  standard 
types.  We  do  this  in  the  interests  of  manufacturers  as  well  as  users. 
We  do  not  wish  manufacturers  to  be  burdened  by  an  increased  number  of 
patterns  which  we  believe  are  practically  unnecessary,  and  it  is  evident 
that  by  so  limiting  the  number  of  patterns  we  facilitate  the  rapidity  and 
economy  of  manufacture. 

There  is  another  point  on  which  I  should  like  to  correct  one  or  two  of 
the  American  speakers  including  Mr.  Scott,  who  have  said  that  our 
English  Board  of  Trade  has  been  obstructive  to  us  during  recent  years. 
The  primary  duty  of  our  Board  of  Trade  is  to  protect  the  public  from 
danger  in  using  electrical  appliances,  and  from  this  point  of  view  in  the 
early  stages  of  electrical  development  it  did  lay  down  laws  as  to  thickness 
of  insulation  and  the  methods  of  carrying  overhead  wires  which  were  to 
some  extent  restrictive,  but  it  has  now  withdrawn  those  rules  and  has 
confined  itself  to  issuing  certain  definitions  of  permissible  voltages  which 
must  not  be  exceeded  where  the  public  have  access  to  unprotected  elec- 
trical .terminals.  Up  to  quite  recently  500  volts  was  the  maximum  pres- 
sure practically  allowed  by  our  Board  of  Trade,  but  I  am  told  that  they 
are  now  considering  allowing  a  somewhat  higher  voltage.  I  believe  that 
our  Board  of  Trade  is  now  in  harmony  with  our  profession  and  is  helping 
us.  We  know  that  we  have  the  sympathy  of  its  officials  in  the  decisions 
our  Standards  Committee  has  arrived  at.  I  think  that  in  England  we 
may  be  congratulated  on  this  fact,  that  we  have  received  the  countenance 
of  our  government  so  that  our  standards  organization  is  likely  to  be  to 
some  extent  continuous  and  that  our  committees  will  be  continued  in 
future  to  consider  from  time  to  time  any  recommendations  for  improve- 
ments in  regulations  which  now  exist  but  which  may.  eventually  be  found 
not  to  be  in  harmony  with  future  discoveries.  It  appears  desirable  that 
standardizing,  based  on  the  opinion  of  the  majority  of'  engineers  at  any 
one  time,  is  liable  to  be  and  should  be  corrected  from  time  to  time  as  our 
knowledge  increases.  With  such  an  understanding  standardization  may 
go  on  simultaneously  in  all  countries  and  I  hope  that  those  countries  who 
wish  to  take  the  matter  up  will  look  on  it  in  this  light. 

I  thank  you  for  the  very  kind  attention  you  have  given  me  in  presenting 
to  you  this  somewhat  ditlicult  subject,  which  after  all  is  of  supreme  im- 
portance to  most  of  us. 

Mr.  LiEB:  I  understand  that  this  subject  of  International  Standardiza- 
tion is  a  matter  which  is  about  to  be,  or  has  already  been,  taken  up  by 
the  Official  Chamber  of  Delegates  of  the  Congress,  and  I  wish  therefore  to 
propose  a  resolution  to  be  passed  jointly  by  sections  B  and  E. 

Resolved,  that  the  matter  of  International  Standardization  be  urged 
upon  the  Chamber  of  Delegates  for  their  attention,  and  that  also  the 
American  Institute  of  Electrical  Engineers  be  asked  to  take  up  this 
question,  and  to   place   itself   in   communication   with   the   Institution    of 
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Electrical  Engineers  of  Great  Britain,  for  such  further  consideration  of 
this  subject  as  may  seem  advisable. 

Chairman  Steinmetz:  Gentlemen,  you  have  heard  the  resolution, 
made  as  a  motion,  by  the  chairman  of  Section  E,  Mr.  Lieb,  and  as  chair- 
man of  Section  B  I  take  great  pleasure  in  seconding  the  motion,  and 
calling  for  discussion  thereon.  If  there  is  no  discussion  asked  for,  which 
]  believe  is  veiy  proper,  since  I  feel  quite  sure  that  we  are  in  full  harmony 
with  this  motion  and  resolution,  I  shall  call  for  the  question.  All  who 
are  in  favor  of  the  motion  will  please  say  aye. 

(The  resolution  was  unanimously  carried.) 

I  take  pleasure  in  closing  the  joint  session  of  Sections  B  and  E,  and 
turn  the  chair  over  to  Mr.  Lieb. 

CONTINUATION    OF    SESSION    OF   SECTION    E. 

Chairman  Lieb:  We  will  now  continue  the  sessions  of  Section  Ej  and 
as  we  have  still  four  papers  and  would  like  to  dispose  of  three  of  them 
before  we  adjourn  this  session  to-day,  as  our  session  to-morrow  will  be 
very  crowded,  1  will  ask  that  as  far  as  possible  a  resume  of  the  papers  be 
made,  but  if  that  is  not  practicable  we  will  read  the  papers  in  full. 

I  will  ask  Prof.  Ascoli  to  take  the  chair  while  a  paper  representing  hia 
society  is  read. 

(Professor  Ascoli  in  the  chair.) 

Chairman  Ascoli-.  We  will  now  have  the  paper  on  "  Stroboscopic 
Observations  of  the  Arc,"'  by  Prof.  L.  Lombard!  and  Sig.  G.  Melazzo. 

Prof.  LoMBARDi:  Mr.  Chairman  and  Gentlemen,  I  feel  a  hesitation 
about  presenting  my  paper;  first,  because  of  the  extraordinary  value 
of  the  two  papers  which  were  read  this  morning  in  Section  E,  to  which, 
my  jjaper  cannot  add  anything  important  on  the  subject  of  the  arc  be- 
tween carbon  electrodes;  and  second,  because  I  am  a  very  imperfect 
speaker  of  your  beautiful  language,  which,  perhaps,  will  not  make  it  pos- 
sible for  me  to  be  thoroughly  understood.  In  this  case  I  should  like  to 
ask  our  chairman  to  help  me. 

Professor  Lombardi  read  his  paper. 
Vou  U  — 31 


SOIIE  STROBOSCOPTC  OBSERVATIONS  ON  THE 
ALTERNATING-CURRENT  ARC. 


BY   PROF.   L.   LOMBARDI,  Delegate  of  the  Associazione  Elletroteonica 
licUiana,  AND  G.  MELAZZO,  Electrotechnical  Institute,  Xaples. 


The  peculiar  phenomena  which  characterize  the  production  and 
maintenance  of  an  alternating-current  arc  between  carbon  or  metal- 
lic electrodes  are  well  known  from  the  interesting  work  of  Blondel, 
Fleming,  Duddell  and  Marchant,  B.  Burnie,  Eossler  and  Wedding, 
Gorges,  ISTeubach,  Gold,  Guye  and  Monasch,  and  many  other 
experimenters. 

As  the  current  and  pressure,  and  consequently  the  electric  en- 
ergy in  the  arc.  vary  within  the  limits  of  a  single  period,  so  too  the 
heat  and  light  emitted  from  the  arc  undergo  definite  variations. 
These  variations,  which  genoraJly  result  in  an  appreciable  decrease 
of  the  luminosity  of  the  arc,  could  be  directly  perceived  if  the  time 
of  a  period  were  long  enough ;  for  lecturing  and  experimental  pur- 
poses they  cannot,  however,  be  demonstrated  without  special 
methods. 

The  earliest  method  of  studying  short  periodic  phenomena  of 
this  nature  was  that  of  the  rotating  mirror.  This  gives  during  a 
period  a  continually  displacing  image  which  can  be  directly  ob- 
served, or,  by  the  interpo-^ition  of  a  stroboscopic  diaphragm,  resolved 
into  a  number  of  instantaneous  images  at  any  given  phase  of  the 
period,  sucli  as  to  be  easily  combined  by  the  eye,  or  recorded  on 
j)hotographic  paper. 

Jamin  and  Roger  as  early  as  18G8  (Cornpto^  Rendus.  66),  ob- 
served by  means  of  a  rotating  mirror  the  luminous  oscillations  of 
an  alternating-current  arc,  and  in  1895  S.  P.  Thorn |)son  {London 
Electriccd  Revietv)  succeeded  with  the  same  apparatus  in  demon- 
strating the  electromagnetic  deflection  of  the  alternating-current 
arc  in  the  earth's  field.  In  tlie  same  way  some  interesting  results 
were  obtained  by  Guye  and  INFonasch  (l^cJairage  'fjUctriqup,  1903), 
working  on  the  aUernating-enrrent  arc  i^etween  metallic  electrodes. 

In  his  first  research  on  the  optical  properties  of  the  alternating 
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current  arc,  Blondel  adopted  the  artifice  of  directly  photographing 
a  luminous  hand  of  the  arc  on  a  sensitive  paper  revolving  at  the 
same  syncJironous  speed  of  the  generator  (Lumi/'re  EJectrique^ 
42,  1891 ) ;  a  method  which  Street  had  already  employed  in 
1882  for  studying  the  light  variations  of  a  Jablochkoff  candle. 
The  method  has  the  advantage  of  giving  a  continuous  image  of 
one  part  of  the  arc,  which,  in  the  study  of  some  phenomena,  is  of 
very  great  use.  It  cannot,  however,  be  utilized  for  purposes  of 
demonstration,  nor  does  it  give,  without  modification,  a  complete 
representation  of  the  phenomenon  at  any  phase  of  the  period. 

Joubert  in  1881  (Journal  de  Pltysique)  suggested  the  first  strobo- 
scopic  method,  enabling  the  optical  phenomena  of  the  alternating 
arc  to  be  followed  by  direct  vision.  The  method  was  to  observe  the 
luminous  source  through  a  small  opening  in  a  stroboscopic  disc, 
mounted  on  the  shaft  of  the  alternator  feeding  the  lamp,  or  on 
that  of  a  synchronous  motor ;  observations  being  taken  from  differ- 
ent points  so  as  to  see  the  images  corresponding  to  the  different- 
phases  of  the  period. 

The  necessity  of  changing  the  position  of  the  eye,  however,  makes- 
the  method  unsuitable  for  purposes  of  demonstration.  Joubert  did 
not  himself  pul)lish  any  results  obtained  by  this  method. 

A  fixed  image  of  the  arc,  which  can  be  observed  directl\-  or 
photographed,  may  be  obtained  at  different  phases  by  varying  the 
position  of  the  stroboscopic  disc  relatively  to  the  shaft  of  the  al- 
ternator or  motor,  or  the  position  of  tlie  stationary  portion  of  the 
machine,  or,  again,  by  modifying  the  phase  of  the  current  which 
feeds  the  arc  lamp.  These  methods  were  adopted  by  Gorges  (Eleh- 
trotechnische  ZeitscJirift,  1895),  Fleming  {The  Electrician,  1895), 
and  B.  Burnle  (llie  Electrician,  1897),  in  some  very  interesting 
experiments,  undertaken  with  the  object  of  obtaining  exact  meas- 
urements of  the  thermal  and  luminous  radiations  of  the  alternating- 
current  lamp  with  carbon  electrodes  at  different  phases. 

In  the  same  way  Gold  (Sitzungsherichte  der  Wiener  Akademie, 
1895)  observed  the  alternating-current  arc  between  two  dissimilar 
electrodes  —  one  carbon  and  one  metallic  —  and  detected  a  drop  of 
liquified  metal  swinging  on  the  tip  of  the  metallic  electrode  and 
changing  its  form  and  dimensions  with  the  direction  and  strength 
of  the  current.  These  observations  led  him  to  one  of  the  most 
probable  explanations  of  the  remarkable  variation  in  the  resistance 
of  the  arc  with  change  in  the  direction  of  the  current. 

In  such  methods,  where  a  stroboscopic  disc  rotating  at  synchro- 
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nous  speed  is  used^  only  a  single  image  of  the  arc  can  be  obtained 
resulting  from  the  succession  of  many  instantaneous  images,  which 
all  correspond  to  a  particular  phase  of  the  period.  They  are  not, 
therefore,  suitable  for  watching  or  demonstrating  the  momentaneous 
phenomena  of  the  arc,  which  are  never  of  a  very  stable  character. 

It  is  easy  though  to  introduce  in  the  method  a  slight  modification, 
so  as  to  make  it  well  adapted  for  both  purposes. 

If  the  disc  be  turned  at  a  speed  not  synchronous  with  the  alterna- 
tions of  the  current  in  the  lamp,  but  slightly  below  the  synchronous 
speed,  the  successive  images  so  obtained  will  not  represent  the  arc 
always  at  the  same  phase  in  each  period,  but  in  phases  each  a 
small  fraction  of  a  period  later  than  the  preceding  one.  The  less 
the  speed  of  the  disc  differs  from  the  synchronous  speed,  the  lohger 
will  be  the  time  required  for  a  complete  series  of  distinct  images, 
following  each  other  so  rapidly  as  to  give  an  apparently  continuous 
reproduction  of  the  periodic  phenomenon  on  a  very  enlarged  time 
scale. 

The  length  of  the  apparent  period  of  the  phenomenon  under 
-observation  may,  of  course,  be  regulated  as  closely  as  desired,  by 
mounting  the  stroboscopie  disc  on  the  shaft  of  a  small  continuous- 
current  motor,  provided  with  a  suitable  regulating  resistance.  Or 
it  may  be  rotated  by  an  asynchronous  motor,  the  size  of  whicli  is 
Tery  suitable  to  give  a  quite  long  apparent  period,  varying  its 
length  by  changing  the  load  on  the  motor. 

Hospitaller  was  the  first  to  describe  an  arrangement  of  tliis  type, 
suitable  for  studying  the  luminous  variations  of  an  alternating-cur- 
.rent  arc  (The  Electrician,  December,  1903).  which  he  called  an 
<ircoscope.  A  short  time  afterward  Ave  came  independently  to  use  tbe 
same  arrangement  for  our  lecturing  and  demonstrating  purposes. 
We  started  from  the  same  principle  on  which  Dr.  Bellini  (L'Elet- 
Iricista,  1904)  in  the  course  of  this  year  established  his  method  of 
measuring  the  slip  of  an  asynchronous  motor,  by  counting  the 
swings  of  the  carbon  filament  of  an  incandescent  lamp  fed  by  the 
same  alternating-current  main  and  placed  in  a  constant  magnetic 
field.  Dr.  Benischke  {ElcMrot.  Zcitschr.,  1904)  has  lately  de- 
scribed a  convenient  apparatus,  giving  analogous  results  by  count- 
ing the  apparent  revolutions  of  a  disc,  painted  witli  differontly 
colored  segments,  the  disc  being  mounted  on  tlie  sliaft  of  tbe 
asynclironous  motor. 

In  many  of  our  experiments  the  strol)oscopic  disc  was  mounted 
on  the  shaft  of  a  four-jwle  alternator,  driven  by  belt  from  a  shunt- 


B 


Fig.  ]. 


Fio.  2. 


1 1  —  805 


LOME  AUDI  AND  MKLAZZO:     ALTERNATINGCUJiRJJXT  ARC.  805 

wound  motor,  fed  with  continuous  current  from  tlie  sircot  mains  or 
from  storage  batteries.  The  alternator  itself  could  be  run  as  a 
synchronous  motor  from  the  same  circuit  as  the  lamp,  and  in  this 
way  it  was  possible  to  get  either  an  asynchronous  speed,  giving  a 
continuous  view  of  the  periodically  changing  arc,  or  a  synchronous 
speed,  giving  a  permanent  image  of  the  arc  at  any  definite  phase 
of  the  period.  The  phase  could,  of  course,  be  changed  by  turning- 
the  disc  relatively  to  the  shaft  of  the  alternator.  The  various 
phenomena  which  accompany  the  production  and  maintenance  of 
the  alternating-current  arc  betw^een  carbon  and  metallic  electrodes 
can  be  easily  demonstrated  in  this  way  to  a  very  large  audience, 
and  any  particular  feature  of  them  can  be  closely  studied  and,  if 
desired,  reproduced  photographically,  by  keeping  one  phase  con- 
stantly in  the  field  of  vision.  To  give  an  idea  of  the  suitability  of 
a  method  of  which  we  were  not  able  to  find  any  experimental  result 
in  electrotechnical  literature,  though  we  can  claim  nothing  very 
novel  in  it,  we  show  in  the  accompanying  illustrations  some  sets  of 
photographic  view^s,  reproducing  the  luminous  images  of  different 
direct  and  alternating-current  arcs  between  carbon  and  metallic 
electrodes,  the  last  having  been  taken  at  equal  time  intervals 
throughout  one  period. 

To  get  as  standard  of  comparison  a  very  regular  image  of  a  di- 
rect-current arc,  we  used  a  10-amp.  differential  lamp  of  Siemens  & 
Halske,  fitted  with  a  cored  positive  carbon  and  a  solid  negative 
one  (Fig.  1).  A,  B,  C,  give  views  of  the  arc  fed  with  different 
pressures  respectively,  of  44,  50,  and  55  volts.  As  is  well  known, 
the  electric  arc  arises  in  form  of  an  exceedingly  bright  flame  from 
the  incandescent  point  of  the  negative  electrode,  increasing  in  width 
until  it  reaches  the  positive  crater,  at  the  surface  of  which  the  great 
electric  resistance  wastes  the  most  of  the  power,  and  supplies  the 
largest  quantity  of  heat  and  light. 

Coming  to  the  Fig.  2,  the  first  column  shows  ten  different  views 
of  an  alternating-current  arc  betw^een  the  solid  carbons  of  a  shunt- 
wound  self-regulating  lamp ;  the  second  column  the  arc  of  the  same 
lamp  filled  with  cored  carbons ;  and  the  third  column  the  arc  of  a 
Ganz  lamp,  of  the  well-known  diiferential  type  with  impregnated,, 
downwardly  inclined  carbons  of  yellow  mark. 

It  would  be  out  of  place  to  repeat  here  the  many  interesting  de- 
ductions made  by  Blondel  from  his  photographic  reproductions  in 
1891.  Photograpliy  cannot  reproduce  the  phenomena  faithfully 
from  an  optical  point  of  view,  since  the  actinic  power  of  the  are 
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is  SO  high  in  comparison  with  its  candle-power  that  tliere  is  no 
proportionality  between  the  photogenic  and  the  luminous  effects. 
To  make  comparison  easier,  the  time  of  exposure  was  in  all  cases 
the  same,  and  was  a  very  short  one  —  some  thousandths  of  a  sec- 
ond. The  strohoscopic  disc  made  20  revolutions  per  second, 
and  contained  two  circular  holes,  4  cms  in  diameter,  on  a 
circle  of  about  60  cms  diameter.  Although  of  small  actinic 
power,  the  rays  of  greater  wave  length,  coming  chiefly  from  the 
flame  (aureole)  which  surrounded  the  arc,  were  liltered  out  by 
interposing  a  violet-colored  glass  screen.  The  tim.e  of  develop- 
ment and  the  strength  of  the  fixing  bath  was,  however,  chosen  so 
as  to  make  the  image  in  each  case'sufficieDtly  clear. 

When  the  current  is  diminished  to  a  very  low  value,  the  arc 
breaks,  and  will  not  relight  until  the  difference  of  potential  be- 
tween the  electrodes  exceeds  a  definite  limit,  depending  on  the  form 
and  nature  of  the  carbons  and  the  conditions  of  the  electrical  cir- 
cuit. It  is  very  interesting  to  follow  the  growth  and  extinction  of 
the  arc  with  different  carbons.  With  cored  and  impregnated  car- 
bons it  is  formed  by  a  small  fiame,  rising  more  or  less  rapidly  from 
the  negative  crater  to  meet  the  positive  one,  while  with  solid  car- 
bons the  arc  appears  almost  at  once  in  its  full  length  between  the 
electrodes,  growing  in  the  form  of  a  spherical  globe  which  turns 
rapidly  toward  the  edge  of  the  carbons,  and  disappears  quickly  at 
the  end  of  each  half  period.  The  growth  of  the  arc  is  generally 
not  so  rapid  as  its  decrease,  as  Blondel  has  clearly  shown.  The 
small  actinic  power  of  the  incandescent  carbons  does  not  allow  of 
a  close  comparison  between  the  brightness  of  the  positive  and  the 
negative  craters. 

As  the  ratios  of  the  instantaneous  values  of  potential  difference 
and  current  intensity  show  (see  Fig.  3),  the  are  l)etween  solid  car- 
bons undergoes  greater  resistance  variations  than  that  between 
cored  or  impregnated  carbons.  As  a  matter  of  fact,  the  potential 
rises  at  the  beginning  of  the  period  to  much  higher  values,  and  the 
power  factor  becomes  correspondingly  less.  We  found  as  average 
value  of  the  power  factor  of  the  lamp  for  solid  carbons  to  be  0.63; 
for  cored  carbons,  0.94,  and  for  impregnated  carbons,  0.86.  The 
diameters  of  the  carbons  were  respectively  12,  13,  and  8  mm ; 
the  current  strength  was  in  each  case  about  11  amperes,  and  the 
])oteutial  difference  44,  37,  and  39  volts,  respectively. 

In  the  case  of  metal  electrodes,  Aron  ha?  shown  (Wied.  Aiw.. 
1S9G)   that  their  very  high  thermal  conductivity,  and  the  ra])id 
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(■(H)ling'  of  their  vapor,  iDievents  the  arc  forming  again  aftor  an  ex- 
tinction, until  the  potential  difference  exceeds  a  definite  limit,  suf- 
iicient  to  cause  between  the  electrodes  a  new  disruptive  discharge. 
The  peculiar  appearance  of  the  arc,  the  electric  elements  of  which 
were  recently  studied  by  Guye  and  Monasch  {Sclairage  l^lectnque, 
1903),  is  clearly  shown  in  the  last  column  of  Fig.  2,  which  gives 
a  set  of  photographic  views  of  the  arc  between  two  copper  elec- 
trodes 5  mm  in  diameter,  separated  by  a  distance  of  6  mm. 

One  can  see  at  the  beginning  of  the  period  the  striking  of  a  very 
lirilliant  spark  from  the  negative  electrode,  which  requires  a  very 
liigh  momentary  value  of  the  potential  difference,  depending  on 
the  frequency  of  the  alternations,  the  strength  of  the  current,  and 
the  electric  conditions  of  the  external  circuit.  At  the  distance  es- 
tablished by  us  between  the  electrodes,  not  less  than  (5500  volts  were 
necessary  to  get  the  first  disruptive  discharge,  the  current  being  sup- 
plied by  a  large  Euhmkorff  coil,  the  primary  of  which,  by  interpo- 
sition of  suitable  resistances,  was  fed  with  alternating  current 
of  40  cycles,  150  volts.  The  effective  current  strength  of  the  arc 
was  0.06  ampere;  the  potential  difference  sufficient  to  maintain  the 
arc  was  about  1200  volts. 

As  a  matter  of  fact,  although  Lecher  (Sitzungsherichte  der 
Wiener  Akademie,  1887)  did  not  discover  any  difference  between 
the  resistances  at  the  surfaces  of  the  positive  and  negative  elec- 
trodes, and  Child  (Physical  Eevieto,  1900-1901)  was  only  able  to 
detect  a  very  small  one,  our  photographs  show  a  very  appreciable 
distinction  between  the  luminosity  of  the  electrodes,  which  recall 
the  particular  aspect  of  the  anode  and  the  cathode  of  an  ordinary 
induction  apparatus. 

Nevertheless,  we  can  observe  after  the  phenomenon  has  begun, 
the  general  characteristics  of  an  ordinary  arc,  disappearing  quite 
suddenly  at  the  end  of  the  period.  We  were  not  able,  with  the 
Joubert's  apparatus  which  we  had  at  our  disposal,  to  get  a  correct 
reproduction  of  the  curve  of  the  periodical  variation  of  potential 
and  current  under  the  same  conditions  as  those  of  our  photographic 
experiments,  on  account  of  the  very  small  current  strength  and  the 
high  potential  difference.  It  is,  however,  easy  to  understand  that 
the  electric  resistance  of  the  arc,  owing  to  the  rapid  cooling  of  the 
metallic  vapors  and  to  the  high  thermal  conductivity  of  the  elec- 
trodes, must  undergo  enormous  variations,  and  the  pressure  sup- 
plied by  the  induction  coil  must  rise  to  exceptional  figures  in 
every  alternation;  the  power  factor  in  consequence  becomes  very 
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small.    As  average  value  of  this  power  factor.  Guye  and  Monasch 
give  for  similar  copper  electrodes  0.58. 

By  the  same  method  we  were  able  to  follow,  by  means  of  appro- 
priate voltmeters  and  selenium  cells,  the  remarkable  variations  of 
the  heat  and  light  emitted  in  every  direction  from  the  carbon 
of  the  usual  alternating-current  lamps.  Mr.  Burnie  has  already 
given  the  general  form  of  these  curves,  on  which  he  made  {Elec- 
trician, 1897)  a  very  accurate  study,  measuring  by  means  of  bolo- 
meter and  photometer  the  thermal  and  luminous  radiations  of  the 
alternating-current  arc  between  solid  and  cored  carbons.  The 
stroboscopic  method  which  we  made  use  of,  availing  ourselves  of 
an  asynchronous  motor,  makes  it  possible  to  demonstrate  this  varia- 
tion without  any  difficulty  in  a  very  suggestive  manner.  On  ac- 
count of  the  large  thermal  capacity  of  the  electrodes,  the  heat 
emitted  from  them  varies  very  little,  as  Mr.  Burnie  has  very  well 
demonstrated,  principally  in  the  direction  of  the  utmost  heat  in- 
tensity, where  the  measurements  acquire  the  greatest  accuracy.  It 
is  not  possible,  therefore,  notwithstanding  the  apparent  length  of 
the  period,  to  get  exact  results  from  the  bolometer  without  using 
very  delicate  instruments.  The  optical  variations,  however,  which 
are  perhaps  more  important  for  the  economy  in  the  distribution  of 
light,  can  be  perceived  directly,  or  can  become,  by  use  of  selenium 
cells,  the  object  of  very  accurate  measurements. 

It  would  have  been  very  interesting  to  observe  in  the  same  way 
the  luminous  j)henomena  occurring  in  the  new  mercury  vapor  lamp 
and  converter,  which  Mr.  Cooper-Hewitt  is  now  perfecting  for  use 
with  alternating  current.  As  is  well  known,  such  apparatus  consist 
of  a  glass  tube,  exhausted  to  a  high  degree  on  a  vacuum  pump  and 
filled  with  metallic  electrodes ;  one  of  these,  which  always  works  as 
a  negative  pole,  is  mercury,  and  the  others  are  iron  or  platinum 
wires.  The  mercury  electrode  is  connected  with  the  neutral  point 
of  a  polyphase  system,  or  if  on  an  ordinary  monophase  system, 
with  a  neutral  point  obtained  by  means  of  a  small  auxiliary  trans- 
former. The  other  electrodes  are  connected  with  the  mains  of  the 
alternating  current,  and  become  respectively  positive  during  suc- 
cessive parts  of  a  period.  From  the  positive  to  the  neutral,  acting 
as  a  negative  electrode,  flows  a  current  of  definite  strength,  de- 
pending on  the  instantaneous  value  of  the  resistance  and  the  po- 
tential difference.  As  the  voltage  begins  to  drop  off,  this  current 
tends  to  drop  too,  and  if  there  were  no  other  electrodes  it  would 
BO(m  beeome  zero,  tlie  resistance  rapidly  increasing  to  infinity;  but. 
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on  accoTint  of  the  phase  relation,  another  electrode  becomes  positive 
before  the  preceding  current  falls  below  a  certain  limit,  thus  keep- 
ing the  current  always  in  the  same  direction,  and  maintaining  the 
arc.  Such  results  are  realized  without  difficulty  on  every  system  of 
tliree  or  more  phases.  In  the  case  of  ordinary  monophase  distribu- 
tions, it  becomes  necessary  to  split  the  simple  current  into  two  with 
a  phase  difference  of  180  deg. ;  for  this  purpose  an  inductive  coil 
may  be  usefully  employed  to  get  the  necessary  difference  of  ])hase 
between  potential  and  current. 

Unfortunately  the  mercury  apparatus  of  Coo])er-Hewitt  for  al- 
ternating current  is  not  yet  on  the  market,  and  we  were  not  able  to 
procure  one  for  studying  the  phenomena,  as  was  our  hope  when 
we  first  announced  this  paper  for  the  Congress.  Nevertheless,  we 
intend  to  proceed  later  in  this  direction,  so  far  as  the  possibility 
to  get  suitable  apparatus  will  permit  of  our  doing  so. 

I  will  not,  however,  fail  to  mention  here  the  interesting  con- 
tribution of  Mr.  G.  W.  Pierce,  who  has  carried  out  an  important 
research  on  the  Cooper-Hewitt  mercury  interrupter,  in  the  Jeffer- 
son Laboratory  of  Harvard  University,  and  by  means  of  a  rotating 
mirror  obtained  beautiful  photographs  of  the  luminous  phenomena 
which  take  place.  {Proceedings  of  the  American  Academy  of 
Arts  and  Sciences,  1904.) 

It  is  perhaps  needless  to  point  out  that  the  method  of  taking 
stroboscopic  observation  by  differential  speed  is  applicable  to  many 
other  phenomena  of  interest  to  the  electrical  engineer.  The  pendu- 
lar  swing  of  alternators  run  in  parallel  can,  for  instance,  be  easily 
observed  by  viewing  the  revolving  part  of  an  alternator  through  a 
stroboscopic  disc  which  is  rotated  by  a  small  motor  run  up  to  the 
speed  of  synchronism.  The  method  is  very  simple  and,  we  believe, 
more  exact  than  the  stroboscopic  one  used  by  Professor  Gorges 
(Elek.  Zeit.,  1900)  in  observing  the  angular  oscillations  of  a 
colored  mark,  illuminated  by  an  independent  source  of  light  of  the 
same  frequency. 

Discussion. 

Prof.  C.  P.  Steinmetz:  Mr.  Chairman  and  Gentlemen,  I  want  to  take 
a  moment  to  express  my  thanks  to  Professor  Lombard!  for  his  very  inter- 
esting paper  —  the  more  interesting  to  me  as  it  really  proves  photographi- 
cally a  number  of  points  which  I  deduced  in  my  paper;  the  character  of 
the  metal  arc,  which,  being  rectifying,  is  preceded  by  a  disruptive  discharge 
between  the  terminals,  thereby  resulting  in  a  very  high  voltage,  but 
unsteady  character.     I  ask  Professor  Lombard!  whether  he  noted  in  the 
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middle  arc,  in  Fig.  4,  any  rectifying  tendency.  The  two  sides  of  the  are 
are  dissymmetrical. 

Prof.  LoiiBAiiDi:  I  did  not  take  observations  of  the  rectifying  ac- 
tion of  the  arc,  but  I  believe  the  arc  will  not  in  such  conditions  be  a 
good  rectifier,  on  account  of  the  two  electrodes  being  symmetrical.  Per- 
haps we  get  just  as  much  positive  as  negative  current,  because  of  the  two 
electrodes  being  perfectly  similar  to  each  other.  I  have  not  had  the 
opportunity  of  experimenting  with  such  dissimilar  electrodes  as  are  now 
employed  for  the  rectifying  purpose,  but  it  is  possible  such  experiments 
would  give  very  interesting  results. 

Dr.  C.  P.  Steixjcetz:  I  may  add  that  with  the  mercury  arc  complete 
rectification  takes  place  if  both  electrodes  are  symmetrical.  It  is  curious 
to  note  in  certain  ranges  of  voltage,  if  both  electrodes  are  absolutely  sym- 
metrical, both  of  mercury,  the  first  spark  decides  the  direction  in  which 
the  arc  rectifies.  After  a  while,  the  arc  may  drop  a  half  wave  and  then 
rectify  in  the  opposite  direction,  etc.  It  is  immaterial  in  which  way  it 
rectifies.  After  straying  one-half  wave  it  passes  the  current  in  this  direc- 
tion, and  drops  the  half  waves  in  the  opposite  direction,  that  is,  it  rectifies. 
It  is  possible  these  phenomena  might  appear  here  in  Professor  Lombardi's 
arcs  also,  but  which  electrode  is  positive  is  indeterminate,  if  the  electrodes 
are  symmetrical.  If  the  electrodes  are  not  symmetrical,  there  is  a  pre- 
ponderance in  one  direction,  making  one  electrode  negative  and  the  other 
positive. 

CHAiRiiAN  LiEB :  We  will  now  hear  Professor  Nichols'  paper  on  "  Stand- 
ards of  Light." 

Prof.  Nichols:  I  will  simply  say  that  the  paper  which  you  have 
at  your  disposal  is  an  attempt  to  gather  together  the  physical  charac- 
teristics and  constants  of  all  claimants  which  have  been  found  most  suit- 
able for  photometric  purposes.  There  is  nothing  in  the  experimentr> 
described  which  calls  for  discussion,  and  nothing  which  needs  further 
explanation.  I  will  not  even  take  your  time  to  give  an  abstract  of  the 
paper,  in  view  of  the  lateness  of  the  hour.  All  who  are  interested  in  it 
may  read  it  at  their  convenience. 
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BY  PROF.  EDWARD  L.  NICHOLS,  Cornell  Vniversity. 


The  conditions  demanded  of  a  physical  standard  are  very  far 
from  being  fulfilled  in  the  case  of  the  existing  standards  of  light. 
The  standard  should  be  suitable  and  convenient  for  the  purposes 
for  which  it  is  to  be  used,  capable  of  precise  definition  and  re- 
producible ;  and  it  should  if  possible  stand  in  some  simple  relation- 
ship to  our  absolute  system  of  measurement.  The  history  of  the 
art  of  measuring  shows  that  in  the  beginning  standards  are  selected 
from  familiar  and  easily  accessible  sources.  The  questions  of 
accuracy  and  reproducibility  come  in  later  for  consideration  and 
that  of  relations  to  absolute  systems  last  of  all.  Thus  we  have  for 
primitive  standards  of  length  the  foot,  the  hand,  the  pace,  etc.; 
for  standards  of  mass  the  pennyweight,  the  stone,  etc. ;  for  standards 
of  liquid  volume  the  drop,  the  teaspoonful  and  the  cupful;  as  a 
standard  of  activity  the  horse  power. 

The  fact  that  the  candle  is  still,  nominally  at  least,  our  standard 
of  light  indicates  that  in  photometry  we  are  still  in  an  earh  stage 
of  development.  The  persistence  of  this  term  in  our  nomenclature 
marks,  as  does  the  continued  use  of  the  word  horse-power,  as  applied 
to  engines,  the  natural  conservatism  of  the  race.  The  term  candle 
power  is  at  present,  like  horse  power,  a  survival,  but  both  are  likely 
to  persist  for  a  very  long  time  to  come.  We  have  however  in  photom- 
etry at  last  and  forever  abandoned  the  futile  attempt  to  standard- 
ize the  actual  candle,  although  it  still  stands  in  law  as  a  unit,  and 
have  turned  our  attention  toward  the  establishment  of  units  of 
light  which  fulfill  more  nearly  the  requirements  of  a  scientific 
standard. 

The  development  of  standardization  in  photometry  is  following 
a  somewhat  different  course  from  that  which  has  taken  place  in 
electricity  and  in  mechanics.  In  the  case  of  the  meter  and  the 
kilogram,  which  it  was  originally  proposed  to  establish  in  terms 
of  the  dimensions  of  the  earth,  and  the  density  of  water,  we  have 

receded  from  the  original  standpoint  and  as  a  matter  of  convenience 
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content  ourselves  with  making  cojDies  of  certain  prototype?  which 
are  known  to  fulfill  only  approximately  the  original  definitions. 
Of  our  three  fundamental  electrical  units  the  ohm  alone  seems 
likely  to  be  maintained  with  strict  relation  to  the  c.g.s.  units, 
viiiile  for  the  others  we  are  inclined  to  the  more  convenient  values 
obtained  from  the  chemical  equivalent  of  silver  or  the  electromotive 
force  of  a  standard  cell,  using  such  reduction  factors  as  shall 
bring  the  volt  and  ampere  into  sufficiently  close  approximation  to 
the  absolute  units. 

In  the  case  of  the  standard  of  light  we  are  forced  by  circumstances 
to  content  ourselves  for  the  present  with  finding  some  reasonably 
reliable  and  practical  unit.  When  we  have  found  this  it  will  per- 
haps be  possible  to  establish  the  numerical  factor  by  means  of  which 
to  express  it  in  terms  of  ergs  of  luminous  energy  per  unit  of  time. 

In  the  search  for  a  practical  standard  of  light  the  photometrician 
has  before  him  the  following  possibilities: 

(1)  The  use  of  a  standard  flame. 

(2)  The  use  of  an  incandescent  body  of  a  fixed  temperature. 

(3)  The  use  of  a  luminescent  body. 

The  numerous  studies  of  luminous  flames  which  have  been  made 
in  the  attempt  to  secure  a  suitable  standard  of  light  have  shown 
that  in  order  to  secure  even  approximate  uniformity  it  is  necessary 
to  have  a  fuel  of  definite  composition  consumed  under  constant 
conditions.  Of  the  various  candle,  oil  and  gas  flames  proposed  as 
standards  in  the  past,  none  conform  to  these  conditions.  The  futile 
struggle  of  a  century  of  photometricians  with  candles  of  spermaceti, 
"i:'araffin  and  stearine  and  the  endeavors  of  the  various  expert  com- 
missions appointed  for  the  purpose  of  determining  the  relations 
between  the  standard  candles  adopted  and  legalized  in  different 
countries  have  only  served  to  demonstrate  the  worthlessness  of  the 
candle,  whatever  its  composition  and  construction,  as  a  standard 
ol'  light. 

The  only  fuel  of  strictly  definite  composition  which  it  hni=  been 
found  possible  to  subject  to  constant  conditions  of  combustion  is 
nmvl-acetate.  The  thorough  and  careful  manner  in  which  the 
In.mp  for  burning  this  fuel  introduced  by  the  Into  TTofner-Altencck 
ha?  been  developed  is  well  known  to  all  students  of  photometry. 
Thanks  to  the  investigations  of  Liebenthal  nnd  to  the  work  of  the 
Oci-mnn  Gas  Commission  and  of  the  member?  of  the  TJoichsnustalt 
al  Charlottenburg,  we  know,  with  as  great  a  degree  of  precision  as 
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llie  nature  of  the  aibject  will  permit,  the  influence  of  flame  height, 
of  temperature,  of  atmospheric  moisture,  of  the  presence  of  carbon 
dioxide  in  the  air,  and  of  atmo.sj)heric  pressure  upon  the  illuminat- 
ing power  of  its  flame. 

It  has  been  found  as  the  result  of  these  investigations  that  when 
lamps  constructed  strictly  of  the  prescribed  dimensions  and  materials 
are  used  under  normal  conditions  of  atmospheric  pressure,  moisture, 
etc.,  the  illuminating  power  is  reproducible  to  within  two  per  cent. 
This  performance  so  far  exceeds  in  uniformity  that  of  other  known 
available  photometric  standards,^  that  the  Hefner  unit  has  very 
properly  been  adopted  by  photometrists  as  the  best  primary  standard 
in  spite  of  that  fact  that  the  quality  of  the  flame  is  such  as  to 
seriously  interfere  with  satisfactory  comparisons  between  it  and 
the  whiter  and  more  brilliant  sources  of  light  used  in  modern 
illumination. 

In  view  of  the  general  acceptance  of  the  Hefner  lamp  as  the 
primary  standard,  in  terms  of  which  candle  power  is  to  be  defined 
and  by  comparison  with  which  secondary  standards  are  to  be  cali- 
brated, I  have  brought  together  for  convenient  reference  the  follow- 
ing data  concerning  this  source  of  light. 

Physical  constants  of  the  amyl-acctate  flame. 

In  addition  to  the  investigation  of  the  effects  of  flame  height  upon 
the  intensity  of  the  Hefner  lamp,  the  results  of  which  are  shown 
in  Fig.  1,  of  moisture,  see  Fig.  2,  and  of  the  effect  of  the  presence 
of  carbon  dioxide  in  the  atmosphere  upon  the  intensity  of  this 
source  of  light  (Fig.  3)  ;  all  of  which  are  plotted  from  data  pub- 
lished by  Licbenthal,^  we  have  a  more  precise  knowledge  of  the 
physical  constants  relating  to  this  flame  than  of  any  other  source 
of  light. 

Koettgen^  has  compared  the  flame  of  the  Hefner  lamp  spectro- 
photometrically  with  numerous  other  artificial  soiirces  of  light, 
especially  with  various  oil  and  gas  flames.     While  the  results  are 

1.  A  possible  exception  to  this  statement  is  the  modified  form  of  pen- 
tane  lamp  larijely  used  by  gas  photometrists  in  the  United  States,  for  whieli 
a  performance  comparable  to  that  of  the  Hefner  lamp  has  been  claimed. 
Tins  source,  however,  in  spite  of  the  good  accounts  given  of  it  and  the 
superior  whiteness  of  its  flame,  is  open  to  objection,  as  a  primary  stand- 
ard, on  account  of  the  indefinite  character  of  the  fuel  employed. 

2.  Liebenthal.  Elektrotechnische  Zeitschrift,  1888,  p.  204 j  ibid.  1S9.5, 
p.  6.5.5. 

3.  Koettgen.     Wied.  Ann.,  LIU,  p.  793. 
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strictly  applicable  only  to  the  particular  flame  measured  in  each 
case  and  only  approximately  to  other  flames  of  the  same  type,  the 
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curves  giving  the  relative  distribution  of  intensities  in  their  spectra 
are  of  interest  since  they  describe  as  completely  as  the  circumstances 
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will  permit  the  color  relations  of  such  flames.  Two  such  curves 
plotted  from  his  tables  are  shown  in  Fig.  4.  They  are  drawn  in  the 
usual  manner  with  wave  lengths  as  abscissae  and  the  ratio  of  the 
intensities  for  each  wave  length  of  the  spectrum  divided  by  the 
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same  ratio,  for  the  region  of  the  D  line,  as  ordinates.  It  will  be 
seen  from  these  curves  which  refer  respectively  to  an  ordinary  gas 
flame  and  the  flame  of  a  petroleum  lamp,  that  the  light  of  the 
Hefner  lamp  is  relatively  stronger  in  the  red  and  weaker  in  the 


S16  NICHOLS:     STANDARDS  OF  LIGHT. 

violet  than  the  ordinary  sources  of  light  used  in  artificial  illumina- 
tion; and  that,  consequentl}',  we  should  expect  to  find  that  the 
temperature  of  this  flame  is  lower  than  that  of  our  ordinar}'  oil 
or  gas  flames. 

Knut  Angstrom*  in  a  recent  paper  has  published  data  which 
define  the  ph3-sical  constants  of  the  Hefner  flame  in  absolute 
measure.  By  means  of  a  spectrobolometer  he  first  explored  the  in- 
fra-red spectrum  as  far  as  5/j-.  The  resulting  curve  is  of  the  general 
form  which  one  would  expect  for  a  flame  of  this  character.  It 
shows  the  strong  emission  band  due  to  COo  at  4.4/-'-  and  has  its 
maximum,  as  is  to  be  expected  from  the  character  of  the  spectro- 
photometric  curves  already  given,  at  a  greater  wave  length  than 
is  the  case  with  other  luminous  flames.  G.  W.  Stewart^  has  found 
the  maximum  for  the  candle  at  1.25,  for  the  ordinary  gas  flame 
at  1.13/7.   and  for  the  acetylene  flame  at  1.05/-'-. 

Angstrom"  has  likewise  determined  the  radiant  efficiency  of  the 
Hefner  lamp.  He  assembled  upon  the  face  of  the  bolometer  the 
entire  energy  of  the  spectrum  of  the  amyl-acetate  flame  and  ob- 
served the  total  radiation  (Q).  An  opaque  screen,  which  cut  off 
all  wave  lengths  greater  than  0.7 G/j-,  was  then  interposed,  and  the 
remaining  radiation  (L),  which  constitute?  the  whole  of  the  visible 
spectrum,  was  assembled  upon  the  same  bolometer,  and  measured. 
He  finds  for  the  ratio  of  these  two  quantities 

X/^  =  0.009,6 

where  L  is  the  luminous  energy  and  Q  the  total  energy  of  the  flame. 
The  unit  of  illumination,  the  hix  or  hougie-metre  has  been  de- 
fined as  the  illumination  received  from  the  Hefner  lamp  at  a  dis- 
t{!nce  of  one  meter.  By  the  use  of  his  compensated  pyr-heliometer 
Angstrom  has  succeeded  in  determining  this  quantity  also  in  ab- 
solute measure.  He  finds  for  the  total  radiation  corresponding  to 
the  lux, 

^  gram.  cal. 

Q  =  0.000,021,5  2 

sec.  cm^ 

From  the  value  of  L/Q  already  given  it  follows  that  the  luminous 

radiation  corresponding  to  the  lux  is 


4.  Anpstrttm.     Physical  Review,  Vol.  XVII.  p.  .302. 

5.  Stewart.  G.  W.     Physical  Review,  XV,  p.  311. 

6.  Aii"slrruii,   /.  c. 
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Tumlirz'^  has  determined  by  a  different  method  the  value  of 
the  luminous  radiation  corresponding  to  the  lux.  He  obtained  a 
somewhat  larger  value  than  Angstrom  bnt  of  the  same  order;  viz. 

L  =  3G.lX10-«g^'^"'-'f. 
sec.  cm^ 

In  other  words  according  to  the  determinations  of  Tumlirz  a  sur- 
face of  one  sq.  cm.  placed  in  the  horizontal  plane  passing  through 
the  center  of  the  flame  of  the  Hefner  lamp  at  a  distance  of  one 
meter  receives  in  one  second  an  amount  of  liglit  the  energy  equiva- 
lent of  which  is  3.61  X  10"^  gram-cai. 

By  pushing  the  opaque  screen  further  and  further  into  the  lu- 
minous spectrum  Angstrom  found  it  possible  to  measure  the  energy 
i^of  portions  of  the  spectrum  lying  between  the  ultra  violet  and 
the  position  of  the  screen  for  a  number  of  different  settings  of 
the   latter.      The   quantity   of  energy   measured   in    each   case   is 


^    o 


>;=  I     jL  ,  dk 


A 

where   k    is  the  wave  length  at  the  edge  of  the  screen.     Assuming 
the  accuracy  of  "Wien's  formula, 

Cj 

for  the  radiation  of  a  black  body,  which  for  the  wave  lengths  of  the 
visible  spectrum  may  be  regarded  as  established,  we  have 


/!^.— -/! 


/  2' 


dX 


in  which,  since  T  is  a  constant,  it  is  possible  to  determine  the  con- 
stants by  means  of  a  series  of  observations  of  L ,  and  to  obtain  the 
following  expression  for  the  distribution  of  intensities  in  the 
spectrum  of  the  Hefner  lamp, 

7.85 
I^  =  0.0160  /1-5  e  ^    • 

The  intensities  given  by  this  equation  are  represented  in  the 
curve  (Fig.  5).  Tliis  curve  is  \ery  important  because  by  means 
of  it  we  are  able  to  compute  the  corresponding  intensities  for 
any  source  of  light  which  we  have  compared  spectrophotometrically 
with  the  Hefner  flame. 

7.    TuniJirz.     Wied.  Ann.,  vol.    XXXVIII,  page  G61, 
Vol.  11  —  52 
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In  the  above  equation  the  constant  7.85  is  equal  to  c^/T  of  Wien's 
formula,  and  since  Paschen  and  Wanner^  have  found  Co  in  the  case 
of  a  black  body  to  be  14,440,  the  temperature  of  the  Hefner  flame 
may  be  computed.  Angstrom  finds  this  temperature  to  bo  1830° 
(abs)^  1557°C,  a  value  which  is  quite  consistent  with  the  tem- 
perature of  the  candle  flame  computed  by  Lummer  and '  Prings- 
heim®  (1960°  (abs)==  1687''C),  with  my  direct  measurements,^** 
which  gave  for  the  temperature  of  the  candle  1670 °C  and  with  the 
more  recent  estimates  of  G.  W.  Stewart.^^ 
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The  temperature  of  the  amyl-acetate  flame  may  likewise  be  esti- 
mated, by  means  of  Paschen's  law,  from  the  position  of  the  maxi- 
mum of  the  curve  for  the  distribution  of  energy  in  the  spectrum. 

In  the  absence  of  the  data  to  reduce  Angstrom's  curve,  which 
was  plotted  with  circle  readings  as  abscissae,  to  the  form  necessary 
to  fix  the  precise  wave  length  of  the  maximum,  Mr.  W.  W.  Cob- 
lentz  has  had  the  kindness  to  repeat  these  measurements  for  pres- 
entation in  this  paper.  He  employed  the  refiecting  spectropho- 
tometer, with  rock-salt  prism  and  Nichols  radiometer,  which  ha;^ 
been  used  by  him  for  the  past  three  years  in  his  investigations  upon 
infra-red  spectra. 

8.  Paschon  and  Wanner.     Berliner  Sitzungsherichte,  1800. 

9.  Liimmor  and  Pringshoim.  Verhandlungen  d.  Deutschen  Phys.  Ges., 
Ill,  p.  -M.  1901. 

10.  Nichols.     Physical  Review,  vol.  X,  page  248. 

11.  Stewart,  G.  W.     Physical  Review,  \ol.  XV,  page  313. 
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The  resulting  curve,  corrected  for  slit  widths,  is  shown  in  Fig.  6. 
The  maximum  falls  at  1.52/i  and  the  temperature  of  the  flame 
therefore,  or  more  strictly  the  temperature  of  a  black  body  emit- 
ting similar  radiation,  calculated  from  Paschen's  equation,  is  1934° 
(abs)  or  1661°C. 

This  value  is  about  one  hundred  degrees  higher  than  that  ob- 
tained by  Angstrom  from  the  relations  already  described,  but,  as 
will  be  pointed  out  later,  Paschen's  equation,  using  the  constant 
2940,  gives  values,  for  all  flames,  considerably  above  those  deduced 
from  direct  measurements. 

I  have  considered  these  results  of  Angstrom  and  others  at  length 
because  although  they  do  not  at  present  apply  immediately  to  the 
problems  of  simple  photometry  they  place  at  least  one  source  of 
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Fig.  6. 


light  in  deflnite  relations  to  our  absolute  systems  of  measurement, 
afford  us  the  data  long  desired  for  bringing  all  other  spectro- 
photometric  determinations,  by-  means  of  comparisons  with  the 
Hefner  lamp,  into  the  same  condition,  and  afford  a  starting  point 
from  which  we  may  be  able,  ultimately,  to  define  our  units  of 
light  and  of  illumination  in  terms  of  the  absolute  system. 


Physical  constants  of  the  acetylene  flame. 

Another  fuel  of  definite  composition  which,  vvere  it  possible  to 
control  the  conditions  of  combustion,  would  afford  a  standard  of 
light  superior  on  account  of  the  intensity  and   whiteness  of  the 
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light  which  it  emits  to  the  aniyl-acetate  flame  and  to  all  other 
flames  hitherto  used  in  photometry  is  acetylene.  It  has  thus  far 
been  found  impossible  to  devise  a  reproducible  acetylene  standard 
or  even  to  produce  a  form  of  burner  which  will  remain  of  even 
approximately  constant  intensity  from  day  to  day.  Studies  of  the 
acetylene  flame  have  however  brought  out  very  definitely  the  nature 
of  the  difficulties  to  be  overcome  and  in  view  of  the  peculiarly 
desirable  qualities  of  this  source  of  light  for  photometric  purposes 
the  following  summary  of  results  may  be  of  interest. 

Acetylene  is  so  rich  in  carbon  that  in  order  to  produce  a  smoke- 
less flame  it  is  necessary  to  mix  with  the  gas  a  certain  proportion 
of  air.  All  existing  acetylene  burners  are  modiflcations  of  the 
Bimsen  type  and  as  the  proportion  of  air  increases  the  flame  goes 
over  from  the  smoky  form  to  that  of  the  non-luminous  Bunsen 
flame  passing  by  intermediate  stages  through  a  maximum  of  lumin- 
ous intensity.  The  brightness  of  the  flame  and  its  color  depend 
upon  the  amount  of  air  which  is  mixed  with  the  acetylene  and 
small  changes  in  tliis  mixture  produce  considerable  variations  both 
in  the  intensity  and  in  the  quality  of  the  light.  Burners  designed 
to  be  of  the  same  candle  power  even  when  supplied  from  the  same 
gas  holder  and  operated  under  conditions  as  nearly  identical  as 
practicable  as  regards  gas  pressure,  etc.,  exhibit  considerable  differ- 
ences in  intensity  and  color  and  these  relative  differences  vary 
from  time  to  time  to  an  extent  which  renders  the  ordinary  form 
of  acetylene  burner  unsuitable  for  use  in  accurate  photometry. 

The  following  measurements  of  the  radiant  efficiency  of  the  acet- 
ylene flame  will  serve  to  illustrate  the  nature  of  the  fluctuations 
to  which  flames  from  burners  of  tlio  ordinary  tvpe  are  subject. 

Table. 

T^adiant  efficiency  of  the  acetylene  flame. 
L/Q      =  .0.56  ( Angstrom  )i- 

.033  (Xichols  and  Cobleiitz)" 

"  "  .0  10  (  I'rom  a  curve  by  G.  W .  Stewart) 

These  results  with  the  exception  of  that  of  Angstrom  were  ob- 
tained by  plotting  the  curve  of  energy  for  the  spectrum  of  the 

12.  Anpstrr.iii.     Aslrophi/sical  Journal,  XV.  p.  22:5.   I!t'fl2. 

1.3.    Xicliols  iind  f'oblcntz.     Physical  Revieiv.   X\'1I,   p.  207.   1903. 
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flame  and  comparing  the  luminous  with  the  total  area  by  integra- 
tion of  the  same.  A  study  of  these  curves  reveals  the  nature  of  the 
phenomena  upon  vrhich  the  fluctuations  in  intensity  and  quality  in 
the  acetylene  flame  depend  and  the  chief  difficulty  which  must 
be  overcome  in  the  construction  of  a  strictly  reproducible  standard 
of  the  acetylene  type. 
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Fig.  7. —  Ixfra-red  spectrum  of  an  acetylene  flame 
(from  measurements  of  coblantz). 
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Fig.  8. 
The  characteristic  feature  of  tlie  energy  curve  of  the  acetylene 
Hame  is  the  emission  bajid  having  its  maximum  at  4.4/i,  (see  Fig. 
7).  In  non-luminous  flames  of  the  Bunsen  type  this  band  forms 
the  most  important  part  of  the  infra-red  spectrum  as  may  be  seen 
from  'the  curve  in  Fig.  1^  wliicli  is  reproducod  from  mpnsiirement^ 
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made  by  G.  W.  Stewart.^*  As  the  air  supplied  to  an  acetylene 
flame  increases  this  band  becomes  more  prominent  and  the  radiant 
efFicieney  falls  off.  The  growth  of  the  band  adds  to  the  area  of  the 
non-luminous  portion  of  the  curve,  as  compared  with  the  total  area, 
and  this  change  in  the  conditions  of  combustion  affects,  as  has 
already  been  stated,  both  the  quantity  and  the  quality  of  the  light 
from  the  flame.  That  the  intensity  of  the  CO,  band  in  the  infra- 
red spectrum  of  the  acetylene  flame  fluctuates  through  a  consider- 
able range  is  shown  in  Fig.  9,  in  which  measurements  of  the  band 
in  the  spectrum  of  the  light  from  one  and  the  same  burner  observed 
on  four  occasions  are  plotted. 
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The  curve  of  Oct.  29  corresponds  to  conditions  of  combustion 
under  which  the  radiant  efficiency  was  .033;  that  of  Nov.  8  to  an 
efficiency  of  .040. 

Were  it  possible  to  burn  the  proper  mixture  of  acetylene  and 
air  in  a  burner,  the  dimensions  of  which  like  those  of  the  Hefner 
lamp  were  sufficiently  great  to  admit  of  accurate  worlonanship, 
there  is  every  reason  to  suppose  that  this  source  of  light  would 
show  the  uniformity  desired  in  a  standard.  The  mixture  is,  how- 
ever, violently  explosive  and  in  order  to  keep  the  flame  from  strik- 
ing back  the  gas  orifice  must  be  very  small.  iSTot  only  is  it  imprac- 
ticable to  make  burners  with  such  small  openings  which  will 
give  strictly  the  same  size  and  intensity  of  flame  but  in  a  given 
burner  the  orifice  is  subject  to  partial  clogging.  The  result  is 
a  variation  in  the  proportion  of  acetylene  to  air  and  a  change  in 
?ize  and  intensity  of  the  flame. 

14.  Stewart,  G.  W.     rhysical  Review,  vol.  XIII,  p.  272,  1901. 
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Experiments  have  been  made  by  C.  H.  Sharp  upon  the  combus- 
tion of  pure  acetylene  in  a  mantle  of  oxygen  using  a  burner  in 
which  a  single  cylindrical  gas  orifice  was  surrounded  by  an  annular 
opening  for  the  oxygen;  an  arrangement  similar  to  that  of  the 
ordinary  blast  lamp  excepting  that  the  gas  is  introduced  into  the 
center  of  the  flame.  This  flame  is  of  extraordinary  brilliancy  but 
its  excessive  sensitiveness  to  changes  of  pressure  and  its  instability 
renders  it  altogether  unfit  for  use  in  photometr;'.  That  it  is  rel- 
atively much  richer  in  the  blue  and  violet  may  be  seen  from  the 
curve  in  Fig.  10  which  is  plotted  from  Sharp's  data  (Physical 
Keview,  Vol.  IX,  p.  179). 
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L.  W.  Hartman^^  has  made  a  photometric  study  of  mixtures  of 
acetylene  and  hydrogen  burned  in  air.  When  a  burner  without 
air  vents  and  consisting  simply  of  a  circular  orifice  through  a 
brass  tip  was  used  it  was  found  that  the  intensity  of  the  flame 
increased  with  the  percentage  of  acetylene,  and  reached  a  maxi- 
mum, as  shown  in  Fig.  11,  at  a  point  corresponding  nearly  to  a 
mixture  of  equal  parts  of  the  two  gases.  Further  additions  of 
acetylene  to  the  mixture  resulted  in  an  increasingly  imperfect  com- 
bustion and  a  gradual  falling  off  in  the  brightness  of  the  flame. 

The  hydrogen-acetylene  flame  is  whiter  than  that  of  pure  acety- 
lene burning  in  air ;  the  former  flame  being  relatively  weaker  at  the 
red  and  stronger  at  the  violet  end  of  the  spectrum  as  shown  in 
Fig.  12  which  contains  a  curve  of  relative  intensities  plotted  from 
measurements  by  Hartman.  There  are  certain  difficulties  con- 
nected with  the  use  of  an  acetylene-hydrogen  mixture.    The  mixed 

15.  Hartman,  L.  W.     Physical  Review,  vol.  IX,  p.   176. 
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gas  cannot  for  example  be  stored  in  ordinary  gasometers  over 
water  because  the  two  gases  are  so  unequally  absorbed  by  that  liquid 
that  the  mixture  on  standing  will  rapidly  become  poorer  in  acety- 
lene up  to  the  point  where  the  water  is  saturated  with  that  gas. 
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Subsequently  the  mixture  will  vary  in  its  proportions  with  changes 
of  pressure  as  the  water  with  every  change  of  condition  absorbs 
or  gives  off  acetylene  to  the  mixture.     This  di£Bculty  is  not  how- 
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ever  fatal  to  the  use  of  such  a  combination  provided  a  mixture 
of  these  two  gases  can  be  found  which  is  capable  of  perfect  com- 
bustion in  a  burner  that  is  strictly  reproducible  in  its  dimensions 
and  construction. 
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With  a  burner  consisting  of  a  single  cylindrical  jet  of  1  mm 
diameter  it  is  possible  without  the  use  of  air  ducts  to  produce 
a  quiet  steady  flame  of  excellent  brightness  and  color  provided 
the  burner  be  supplied  by  means  of  a  T  from  separate  gasometers 
containing  hydrogen  and  acetylene.  By  igniting  the  hydrogen 
first  and  then  turning  on  the  acetylene  gradually  by  means  of  a 
proper  valve  a  suitable  mixture  is  readily  obtained.  The  flame,, 
which  is  of  a  tall  conical  form,  is  perfectly  symmetrical  and  has  a 
well-defined  luminous  tip.  It  can  be  used  either  with  the  flame 
gauge,  as  in  the  Hefner  lamp,  or  with  a  metallic  screen  similar 
to  that  employed  in  a  Harcourt  pentane  standard.  The  size  of 
the  orifice  in  such  a  burner  is  sufficient  to  permit  of  reasonable 
accuracy  in  the  construction  of  the  standard  lamp  and  the  problem 
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Fig.  13. —  Mixing  device  for  hydbogen-acetylene  flame. 


of  maintaining  a  constant  admixture  of  the  gases  may  be  solved 
by  the  use  of  two  similar  experimental  gasmeters  M,  M,  provided 
with  a  rapidly  moving  index  hand  for  the  determination  of  the  rati' 
of  flow.  By  selecting  a  mixture  which  corresponds  to  the  crest  of 
Curve  A  (Fig.  11)  the  condition  of  minimum  sensitiveness  to 
variations  in  the  proportions  of  the  two  gases  can  be  secured.  The 
arrangement  proposed  is  shown  diagrammatically  in  Fig.  13.  Only 
rough  preliminary  trials  with  this  apparatus  have  thus  far  been 
attempted  but  there  is  every  reason  to  believe  that  with  the  same 
attention  to  details  which  have  been  employed  in  the  development 
of  the  Hefner  lamp  an  excellent  hydrogen-acetylene  flame  can  be 
secured.     The  somewhat  complicated   and  cumbersome  nature  of 
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this  apparatus  would  preclude  its  employment  for  geueral  photo- 
metric purposes  but  since  a  primary  standard  is  required  only  for 
the  purpose  of  calibrating  incandescent  lamps  to  be  used  as  work- 
ing standards  this  objection  is  of  minor  importance. 

The  superiority  of  the  acetylene  flame  over  the  Hefner  finds 
graphical  expression  in  Fig.  14  which  gives  in  the  usual  manner 
the  spectrophotometric  ratio  throughout  the  spectrum.  The  pre- 
ponderance of  the  shorter  wave  lengths  is  indeed  excessive  so  far 
as  photometry  of  ordinary  gas  and  oil  flames  are  concerned,  the 
color  difference  between  sucli  flames  and  acetylene  being  about  as 
great  on  the  one  side  as  the  difference  between  them  and  the 
Hefner  flame  is  on  the  other.  For  use  in  comparison  with  the 
more  modern  illuminants  of  high  efficiency  such  as  the  Xernst 
lamp,  etc.,  however,  the  distribution  of  color  in  the  acetylene 
flame  is  such  as  to  reduce  the  color  difference  to  a  minimum. 
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Fig.  14. 


Mt.  Hartman  has  also  measured  the  intensity  of  the  ordinary 
acetylene  flame  at  various  pressures.  His  results,  which  are  given 
graphically  in  Fig.  1.5,  show  a  nearly  linear  relation. 

Spectrophotometric  studies  indicate  for  the  acetylene  flame  a 
temperature  considerably  above  tliat  of  the  ordinary  gas  flame. 

I  have  found  its  temperature  by  direct  measurement  to  be  ;i]>- 
proximately  2173°  (abs)  or  1900°C  as  against  2053°  (abs)  = 
1780°C  for  the  ordinary  gas  flame  and  1943°  (abs)=1670°C 
for  the  hottest  part  of  the  flame  of  the  common  candle.  The 
temperature  of  the  acetylene  flame  computed  by  means  of  Pascheu's 
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law  from  the  position  of  the  maximum  of  the  energy  curve  give 
somewhat  higher  values.  G.  W.  Stewart/*'  finds  this  maximum 
to  lie  at  1.05/^  from  which  we  obtain  for  the  "  black  '"  temperature 
corresponding  "to  the  acetylene  flame  2940°  (abs)  or  2527°C. 

The  constant  A  in  Paschen's  formula  has  been  determined  for 
tlio  ideal  "black"  body,  but  the  precise  relation  between  the 
''  l)laek  ""  tcmperaturi'  coiiipulcMl  by  moans  of  it  and  the  actual 
temperature  of  the  flame  is  as  yet  an  open  question.  Stewart  in 
tiie  article  just  cited  lias  shown  that  if  we  adopt  the  value  A  = 
2?82,  the  temperatures  of  the  candle,  the  ordinary  gas  flame  and 
llio  acetylene  flame  computed  from  the  position  of  the  maximum 
of  tlieir  respective  energy  curves  agree  with  the  temperatures 
obtained  bv  direct  measurement. 
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Fig.  15. 


The  distribution  of  intensities  in  the  visible  spectrum  of  the 
acetylene  flame  is  a  matter  of  great  interest  to  those  who  apply 
this  sort  of  light  in  spectroscopy  and  spectrophotonietric  measure- 
ments. The  observations  recorded  by  Stewart^'^  in  Table  I  of  his 
paper  on  the  distribution  of  energy  in  the  acetylene  flame,  when 
properly  corrected  for  variations  of  slit  width,  afford  the  data  by 
means  of  which  to  construct  the  desired  curve.  It  is  interesting 
to  compare  this  curve   (see  Fig.  16)   with  that  in  Fig.  5  which 

16.  Stewart.  G.   W.     Plufsical  Review,  vol.  XV,  p.  311. 

17.  Stewart,  G.  VV.     Physical  Revieio,  vol.  Xlll,  p.  268. 
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gives  us  the  corresponding  data  for  llie  Hefner  flame  as  determined 
by  Angstrom  in  an  entirely  different  manner. 

By  making  use  of  the  ratio  of  relative  intensities  in  these  two 
sources  of  light,  given  in  Fig.  14,  and  the  curve  in  Fig.  5  it  is 
possible  to  compute  from  quite  independent  data  the  distribution 
ot  intensities  in  the  visible  spectrum  of  the  acetylene  flame.  The 
points  marked  with  an  X  in  Fig.  16  indicate  the  value  of  the 
ordinates  thus  obtained  in  several  regions  of  the  spectrum.  Since 
these  points  lie  along  the  curve  plotted  from  Stewart's  measure- 
ments we  have  an  admirable  check  upon  the  accuracy  of  these 
two  methods  and  of  the  spectrophotometric  measurements  recorded 
in  Fig.  14.  This  agreement  is  the  more  remarkable  and  satisfactory 
since  measurements  made  by  three  different  observers  are  involved. 
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Fig.  10. 


Incandescent  solids  as  standards  of  light. 

The  use  of  an  incandescent  solid  as  a  primary  light  standard 
would  at  first  sight  appear  to  offer  many  advantages  over  any 
possible  flame  standard,  but  the  difficulties  have  thus  far  been 
insuperable.  The  three  types  of  light  source  available  for  such  a 
purpose  are  the  incandescent  mantle  of  the  Welsbach  type,  the 
electric  glow  lamp,  and  the  l^ernst  lamp.  The  difficulties  to  be 
considered  in  the  case  of  the  first  are  three:  (1)  That  of  pro- 
ducing mantles  of  uniform  composition;  (2)  that  of  maintaining 
the  same  at  a  constant  temperature  by  means  of  a  flame  of  the 
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Bunsen  typo;  (3)  the  progressive  deterioration  in  the  light-giving 
power  of  such  mantles  as  tlie  result  of  the  exposure  to  high 
teni[)eratures.  Since  the  performance  of  an  incandescent  mantle 
depends  in  great  measure  upon  the  admixture  of  certain  oxides  of 
the  rare  eartlis  to  the  thorium  oxide  which  forms  the  principal 
constituent  the  satisfactory  standardization  of  the  material  would 
probably  1)e  found  impracticable.  Burners  of  the  Welsbach  type 
are.  moreover,  notably  sensitive  to  the  well  nigh  uncontrollable 
fluctuations  in  the  character  of  the  heating  flame  and  such  mantles 
show  deterioration  with  time  as  a  result  of  the  disintegration  of 
the  fabric,  whereby  the  area  of  the  incandescent  surface  is  gradually 
diminished.  The  changes  due  to  this  cause  alone  have  been  esti- 
mated to  be  about  50;^  during  the  normal  life  of  such  a  mantle. 
The  marl^od  change  in  the  color  of  the  light  of  the  incandescent 
mantle  with  age  is  probably  due  to  the  fact  that  this  disintegra- 
tion affects  the  various  components  unequally  so  that  the  com- 
position of  the  glowing  body  is  continually  changing. 

The  glow  lamp  offers  a  more  promising  field  for  development 
but  the  makers  of  such  lamps  have  not  as  yet  been  able  to  furnish 
a  filament  which  will  meet  the  conditions  of  reproducibility.  The 
admirable  performance  of  incandescent  lamps  as  calibrated  second- 
ary standards  however  suggests  possibilities  in  the  way  of  the  de- 
velopment of  a  primary  standard  of  this  type.  Should  the  use 
of  carbon  be  found  impracticable  it  is  possible  that  the  new  osmium 
lamp  may  show  greater  constancy  of  performance.  The  use  of  a 
filament  of  the  Xernst  type  as  a  primary  standard  of  light  is 
something  which  has  not  as  yet  been  seriously  considered  and  it 
certainly  offers  a  fruitful  field  for  investigation. 

Kumerous  suggestions  for  a  photometric  standard  have  been 
made  of  which  nothing  has  been  said  in  tliis  paper.  Of  these  the 
Violle  platinum  standard,  the  use  of  the  light  from  the  crater  of 
the  arc  and  others  have  been  tried  and  found  unmanageable.  The 
use  of  a  phospliorescent  surface  has  been  proposed,  but  even  w^ere 
such  sources  of  light  of  sufficient  constancy  the  luminous  intensity 
of  all  known  phosphorescent  materials  is  so  feeble  that  they  could 
be  employed  only  in  certain  exceptional  cases. 

While  it  is  probable  that  the  future  will  see  the  development 
of  a  satisfactory  primary  standard  based  upon  the  electrical  heat- 
ing to  incandescence  of  carbon  or  of  some  metallic  oxide,  the  im- 
mediate basis  for  standardization  of  artificial  light  sources  lies  in 
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the  use  of  a  primur}-  standard  consisting  of  a  flame  standard 
and  the  preparation  of  calibrated  incandescent  lamps  as  secondary 
standards  of  light.  Such  lamps  may  in  the  present  state  of  the 
art  be  made  to  agree  with  each  other  with  all  necessary  exactness. 
While  the  absolute  definable  value  of  such  standards  can  for  the 
present  be  considered  as  exact  only  within  the  limits  of  repro- 
ducibility of  a  flame  standard  such  as  the  Hefner  lamp,  the  actual 
agreement  of  the  standards  existing  in  those  laboratories  in  which 
photometric  Avork  is  based  upon  the  Hefner  unit  appears  to  be 
much  closer  than  the  performance  of  the  amyl-acetate  lamp,  would 
lead  us  to  anticipate. 

A  set  of  six  16-cp  lamj^s  calibrated  in  ]Srew  York  were,  for 
example,  recently  taken  abroad  for  comparison.  The  average  re- 
sult reported  by  the  Reichsanstalt,  according  to  Dr.  Sharp  to 
whom  I  owe  the  data,  was  15.95  British  candles  (the  ratio  1  Hef- 
ner =.88  B.  C.  P  being  used).  ^Vllen  tested  in  Xew  York  after 
their  return  they  averaged  15.96  candle-power,  and  subsequent 
measurements  of  them  at  the  National  Bureau  of  Standards  gave 
15.92  candle-power.  The  performance  of  the  individual  lamps 
may  be  seen  from  the  following  table : 

Intensity  in  British  Standard  Candles  of  Six  Calibrated 
Incandescent  Lamps. 


I 


Values  at  Reichsanstalt. 
(1  Hefuer  —  .88  ep.) 

Values  at  Electrical  Testing 
LaboratDiies  after  retura. 

Values  at  National  Bureau 
of  Standards. 

15.87 

cp. 

15.85  cp. 

15.85  cp. 

15.95 

16.04 

15.90 

15.88 

15.99 

15.80 

IG.OO 

15.99 

15.95 

15.96 

15.89 

16.00 

10.05 

Ki.Ol 

16.00 

Average  1  ."i .  95 

15.96 

15.92 

Coiiiijarison  with  secondary  standards  purporting  to  represent 
the  British  standard  candle,  but  not  based  upon  the  Hefner  unit;. 
<:av(',  it  may  be  added,  no  such  satisfactory  agreement. 

I  i^resent  these  figures  solely  for  the  purpose  of  substantiating 
tlie  statement  just  made,  that  the  calibrated  incandescent  lamp  is 
ca[)al)le  of  very  satisfactory  performance  as  a  secondary  standard. 
By  the  constant  interchange  and  comparison  of  results  between  the- 
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various  establislmicnts  engaged  in  the  production  of  such  lamps 
it  sliould  be  possible  to  maintain  in  future  the  excellent  agree- 
ment of  working  standards  which  appears  to  have  been  alreadv 
attained,  and  thus  to  meet  the  demands  of  industrial  photometr\' 
during  the  period  which  must  elapse  before  science,  through  further 
research,  is  prepared  to  offer  the  practical  photometrician  some- 
thing more  completely  adapted  to  his  needs. 

Discussion. 

Chairman  Lieb:  I  do  not  think  we  can  take  any  time  for  discur^sion. 
Tlie  hour  is  very  late  and  we  will  therefore  adjourn  the  Section  to  moot 
promptly  at  half-past  nine  to-morrow  morning. 

The  Section  then  adjourned,  to  meet  at  9:30  o'clock  on  Friday  morning. 

FRIDAY  MORNING  SESSION,  SEPTEMBER  16. 

Chairman  Lieb  called  the  meeting  to  order  at  9:. 30  a.  m. 
Chairman  Lieb:     The  first  paper  this  morning  will  be  that  on  "  Storage 
Batteries,"  by  Mr.  Gerhard  Goettling,  of  the  Boston  Edison  Company. 
Mr.  Goettling  presented  his  paper. 


STORAGE  BATTEEIES  AS  AN  ADJUNCT  TO 
CENTRAL  STATION  EQUIPMENT. 


BY  GERHARD  GOETTLING,  Delegate  of  the  Association  of  Edison  Illumi- 
nating Companies. 


In  presenting  this  paper  on  Storage  Batteriei?,  I  shall  attempt 
to  give  a  brief  outline  of  the  present  methods  of  installation 
and  operation  of  Storage  Batteries  as  practiced  b}^  the  Edison  Com- 
panies in  the  United  States. 

Development. 

Only  a  few  years  ago,  most  of  the  station  managers  knew  storage 
batteries  only  by  name,  and  were  strongly  a-verse  to  their  use  as  being 
unnecessary  and  complicated;  but  gradually  they  found  that  the 
complication  brought  into  their  plants  by  the  new  element  was  far 
outweighed  by  the  advantages  and  the  reliability  which  the  use  of 
batteries  offers. 

I  might  say,  that  the  present  opinion  is,  that  any  direct  current 
S3'stem,  and  also  alternating  cui'rent  systems,  operating  with  con- 
verting sub-stations,  cannot  give  reliable  service  without  the  aid 
of  batteries. 

This  fact  is  best  shown  by  the  marvelous  growth  of  the  applica- 
tion of  Ijatteries  to  central  station  distriluition  in  the  last  10  years. 
Following  the  installation  of  a  comparatively  small  battery  of 
English  manufacture  in  the  53rd  St.  station  of  the  New 
York  Edison  Company,  the  Boston  Edison  Company  made  the 
lirst  decided  step  in  advance,  by  installing,  in  1894,  a  battery  of 
German  manufacture  of  much  larger  capacity.  Since  then,  the  use 
of  batteries  has  increased  greatly,  so  that  at  the  present  time, 
there  are  some  98  batteries  installed  —  30  being  located  in  generat- 
ing stations,  having  a  capacity  of  23,036  kw-hours  and  68  in  substa- 
tions, with  a  capacity  of  101,20r;  kw-hours. 

[832] 
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The  following  Table  shows  the  yearly  increase  in  number  and 
capacity : 

Table   I. —  Ktlowatt   Hour    Capacity    of    Central    St.\tiox 

Batteries. 


Year. 

Generating 
stations. 

Sub-stations. 

Exciter 
batteries. 

Total. 

No. 

Capacity 

No. 

Capacity 
KW-H 

No. 

Capacity 
KW^-H 

No. 

Capacity 
KW-H. 

1894.... 
1895. . . . 
181.6.... 
1887.... 
1898.... 
18.)9.... 
1900... 
1901.... 
190i.... 
1903. . . . 
1904.... 

2 

4 

5 

7 

8 

12 

13 

15 

19 

22 

22 

988 
1,2::J3 
2,'J68 
6,40d 
7,560 
12,342 
12,392 
13,891 
19,398 
21,695 
21,095 

'i 

6 
10 
15 
23 
36 
42 
47 
63 
68 

'21738 
9,375 
14,043 
22,175 
35,212 
59,513 
67,296 
75,117 
94.475 
101,206 

2 

2 
5 

8 

'"309 
309 
309 
399 
3:9 
730 
1,341 

2 
5 
11 
17 
24 
36 
50 
59 
68 
90 
98 

9S8 
3. '.,71 
12,o43 
20.44.) 
W  044 
47.863 
72.214 
81.58J 
',,4.914 
116, '.-00 
124,242 

The  table  shows  during  the  last  three  years  very  little  increase 
in  the  generating-station  batteries.  This  is  due  to  the  modern 
tendency  of  companies  to  concentrate  their  generating  plants  in 
very  few,  but  large,  generating  stations  for  alt'^rnating  current, 
where  batteries  are  used  only  for  the  excitation,  as  indicated  by  the 
increase  in  exciter  batteries.  This  concentration  necessitates  numer- 
ous substations  for  distribution,  and  these  substations  are  generally 
equipped  with  batteries,  as  is  also  indicated  by  the  increase  of  sub- 
station batteries. 

That  the  combination  of  large  high-tension  alternating-current 
generating  plants  and  direct-current  substations  is  not  found  to  be 
reliable  without  the  aid  of  batteries,  is  shown  by  the  practice 
of  most  of  the  large  companies.  For  instance,  in  New  York, 
Chicago,  Boston,  Brooklyn  and  San  Francisco,  wdiere  about  75^ 
of  the  total  output  of  170,000  kilowatts  is  generated  as  alternating 
current,  60  batteries  are  in  operation,  with  a  total  capacity  of 
81.000  kw-hours;  that  is,  two-thirds  of  the  total  given  in  Table  T. 

It  is  also  worthy  of  note  that  practically  all  of  the  batteries 
in  use  in  America  in  central-station  service  have  been  furnished 
by  one  manufacturing  concern.  A  careful  investigation  shows  that 
over  9.5^  of  the  total  storage-battery  capacity  in  this  service  has 
been  furnished  by  this  one  concern. 
Vol.  11  —  53 
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CONSTnUCTION  OF   BATTERIES  AND   BaTTERY   EoOMS. 

The  battery  room  should  be  located  as  near  the  switchboard  room 
as  possible.  This  is  especially  advisable,  so  that  the  connections 
between  battery  and  switchboard  may  be  short,  and  the  loss  in 
voltage  reduced  to  a  minimum.  It  also  facilitates  the  inspection 
of  the  batteries. 

The  battery  room  must  be  large  enough  to  receive  the  bat- 
tery without  crowding  the  cells  too  much  togetjier.  Taking  the 
base  area  covered  by  a  single  tank  as  a  basis,  the  space  occupied 
by  the  tanks  should  not  be  greater  than  one-half  the  floor  area. 
There  are  some  battery  rooms  where  the  tanks  cover  more  than 
50;^  of  the  floor  space,  but  the  results  show  that  the  distance  be- 
tween the  tanks  is  too  small,  and  the  aisles  between  the  different 
rows  of  cells  are  so  narrow,  that  any  repair  work  on  the  battery  is 
rendered  difficult  and  expensive,  besides  making  it  very  inconvenient 
t  J  keep  the  battery  room  clean  and  dry. 

The  floor  of  the  battery  room  must  first  be  strong  enough  to 
support  the  battery  with  the  tanks  completely  filled  with  plates,  and, 
secondly,  it  must  be  acid-proof,  especially  in  modern  fire-proof 
l)uildings  of  brick  and  iron  construction. 

To  protect  the  flooring  from  acid,  two  kinds  of  covering,  brick 
and  concrete,  have  been  in  use.  The  former  has  been  found  most 
satisfactory  and  is  now  considered  as  standard  construction. 
(Fig.  1.) 

This  covering  has,  as  a  base,  a  layer  of  6  ins.  of  concrete.  On 
top  of  the  concrete  is  put  a  thin  layer  of  sand,  about  -J  in.  in  which 
t]ie  bricks  are  laid.  The  common  vitrified  brick,  9  ins.  by  4  ins.  by 
2;i  ins.  or  a  special  size  10  ins.  square  by  2  ins.  thick  is  in  use  for 
this  purpose.  The  bricks  are  laid  \  in.  to  f  in.  apart,  leaving 
some  space  for  grouting  them  with  hot  pitch.  If  the  pitch  becomes 
brittle  when  cooled,  a  small  amount  of  tallow  should  be  mixed  with 
it  before  use.  In  pouring  the  pitch  between  the  bricks,  care  must 
be  taken  to  fill  the  space  entirely,  but  at  the  same  time  not  to  cover 
the  surface  of  the  bricks.  If  too  much  sand  or  pitch  is  used,  there 
1.-  danger  of  settling,  throwing  the  tanks  out  of  alignment. 

The  second  construction  consists  of  several  layers  of  tar  paper 
or  other  waterproof  material.  On  top  of  this  waterproofing  are 
laid  6  ins.  of  concrete,  and  the  surface  of  this  concrete  made  level 
and  smooth.  In  some  cases,  the  base  of  the  flooring  is  first  covered 
with  3  ins.  of  concrete,  and  then  waterproofing  put  on,  and  on  top 
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of  this  another  layer  of  3-in.  concrete.  Both  methods  have  given 
satisfactory  results.  In  any  case  it  is  necessary  to  carry  the  tar 
paper  next  to  the  walls  8  to  12  ins.  above  the  level  of  the  floor,  to 
avoid  the  danger  of  acid  leaking  through  the  cracks  between  the 
concrete  and  walls.    Sheet-lead  is  also  successfully  used. 

On  top  of  the  concrete  floor  is  sometimes  put  a  thin  layer  of 
cement.  The  cement  makes  a  smoother  finish  but  has  the  disad- 
vantage of  being  more  easily  attacked  by  the  acid.  Experience 
has  shown  that,  contrary  to  the  general  opinion,  the  concrete  is 
very  slightly  affected  by  the  acid,  due  to  the  fact  that  the  acid 
coming  in  contact  with  the  concrete  is  neutralized  in  a  short  time. 
Actual  tests  have  shown  that  1  lb.  concrete  of  the  usual  mixture, 
having  a  specific  gravity  of  about  4.2,  neutralized  0.48  lbs.  of  HjSO,!. 
When  we  apply  these  figures  to  actual  conditions,  we  find  that  the 
amount  of  acid  which  is  lost  per  year  by  spray  can  corrode  less  than 
•^  in.  of  the  surface  of  the  concrete.  This  theoretical  result  agrees 
fairly  well  with  experience,  which  shows  that  a  long  term  of  years  is 
necessary  before  the  thickness  of  the  concrete  is  diminished  to  any 
appreciable  amount. 

The  vitrified  brick  floor  has  the  advantage  that  it  will  withstand 
-he  action  of  the  acid  far  better  than  the  concrete  floor.  But  if 
sufficient  care  is  taken  to  keep  the  battery  room  clean  at  all  times, 
as  ought  to  be  done  in  all  cases,  especially  when  the  floor  is  washed 
at  regular  intervals  with  a  weak  solution  of  carbonate  of  soda,  the 
concrete  floor  will  give  fairly  satisfactory  results. 

Every  battery  room  ought  to  be  provided  with  proper  drainage 
of  the  floor,  so  that  it  can  from  time  to  time  be  flushed  with  water. 
The  best  method  is  to  give  the  floor  from  the  center  of  each  row  of 
cells  a  slope  toward  the  aisles,  so  that  there  will  be  no  possibility 
of  any  acid  or  water  remaining  underneath  the  tanks. 

Iron  columns  and  pipes  in  battery  rooms  are  best  protected  by 
encasing  them  with  expanded  metal  work,  upon  which  a  coating 
of  plaster  is  placed.  This,  if  kept  well  coated  with  a  good  lead 
paint,  will  prove  a  satisfactory  way  of  protecting  all  iron-work. 
As  a  further  precaution,  the  iron  columns  must  be  protected  at 
their  base  against  attack  by  the  acid.  Satisfar-tory  results  have 
been  obtained  by  covering  the  column  at  the  base  with  sheet  lead 
to  a  height  of  one  foot  above  the  level  of  the  floor,  soldering  the 
sheet  lead  at  the  seams  together,  so  that  it  forms  a  uniform  cover, 
and  filling  the  spaces  between  the  iron  and  lead  with  hot  pitch. 
Smaller  portion?  of  iron  work  can  be  treated  only  with  a  good 
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acid-proof  jDaint,  and  inspected  often  enough  to  make  sure  that 
no  iron  sulphate  is  forming  and  liable  to  drop  into  the  cells. 

The  copper  bars  can  be  protected  either  by  a  coating  of  lead, 
or  by  painting.  The  lead  coating  is  accomplii^;hed  by  a  process 
similar  to  galvanizing  iron,  and  has  proved  fairly  satisfactory,  but 
it  has  the  disadvantage  that,  if  once  attacked  by  the  acid,  it  can- 
not be  repaired  without  dismantling,  and  painting  must  then  be 
resorted  to.  Therefore,  there  is  some  question  whether  it  is  neces- 
sary to  go  to  the  expense  of  lead  coating  the  copperwork,  if  paint 
can  produce  a  satisfactory  result. 

Special  attention  must  be  given  to  the  connection  between  the 
copper  bars.  The  nuts  of  the  bolts  at  these  points  are  very  seldom 
sufficiently  protected  by  simply  painting  them,  so,  as  an  extra  pre- 
caution against  corrosion,  the  paint  should  be  coated  with  vase- 
line, or,  better  still,  a  special  type  of  bolts  should  be  used,  these 
being  so  constructed  that  on  each  end  a  lead  cap  can  be  screwed 
on.  This  lead  cap  is  filled  with  vaseline,  and,  when  in  place,  it 
covers  the  nut  entirely  and  prevents  any  acid  getting  in  contact 
with  the  nut. 

The  question  of  securing  a  good  acid-proof  paint  has  received 
special  attention  in  the  last  few  years,  since  the  amount  of  copper 
in  battery  rooms  to  be  kept  in  good  order  is  very  considerable,  as 
can  readily  be  seen  from  Fig.  2. 

Today,  probably  the  best  paint  which  can  be  used  has  carbon  for 
a  base.  This,  however,  cannot  be  used  in  all  cases,  as  it  takes  some 
days  to  dry.  For  protecting  metal  work  in  battery  rooms,  it  is 
very  good.  A  special  quality  of  black  asphaltum  paint  is  one  of 
the  best  wood  protectors,  which  dries  quickly,  and  is  found  to  be 
very  satisfactory.  A  word  of  warning  might  be  said  about  some 
kinds  of  metal  oxide  paints.  It  is  claimed  that  the  oxides  in  these 
paints  will  not  be  attacked  by  the  fumes,  but  experience  shows  that 
they  are  transformed  in  a  short  time  to  sulphates,  and  the  paint 
thus  made  valueless. 

All  battery  rooms  must  be  well  ventilated.  The  best  way  is  to 
provide  a  steady  circulation  of  air  through  the  same,  by  having 
an  inlet  for  fresh  air  at  one  end  of  the  battery  room,  generally 
located  near  the  floor,  and  an  outlet  for  the  acid  fumes  at  the  farther 
end,  near  the  ceiling.  Too  much  draft  must  be  avoided,  as  it  tends 
to  increase  the  evaporation  from  the  cells. 

When  it  is  found  impossible  M'ith  natural  draft  to  change  the 
air  in  the  battery  room  in  reasonable  time,  an  exhaust  or  blower-fan 
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may  be  used.  The  former  secures  good  ventilation,  better  than  tho 
latter,  it  having  but  the  minor  disadvantage  that  the  fumes  pass 
over  the  fan-blades,  which,  however,  if  made  of  phosphor-bronze  or 
brass,  are  but  slightly  attacked.  The  motor  for  driving  the  fan  is 
best  located  outside  of  the  battery  room,  and  connected  with  the 
fan  by  a  rubber  belt. 

The  outlet  for  the  air  must  be  so  far  away  from  the  end-cell 
copper  bars,  so  that  the  acid  fumes  do  not  have  to  pass  between 
them.  The  copper  bars  rest  on  porcelain  insulators,  the  insulators 
being  mounted  on  wooden  stringers,  which  are  supported  either 
by  iron  hangers  from  the  ceiling  or  by  iron  pillars  from  the  ground. 
(Fig.  2.) 

The  end-cell  switches  are  either  outside  the  battery  room,  or,  when 
ii;  is  necessary  to  have  them  inside,  a  special  partition  is  built  around 
them  so  that  the  acid  fumes  have  no  access  to  them.  As  a  rule,  they 
are  motor-controlled  from  the  main  switchljeard,  as  shown  in  Fig.  4, 
which  gives  a  good  view  of  their  standard  construction. 

It  is  best  to  install  all  cells  in  one  tier,  as  a  double-tier  installation 
makes  it  difficult  to  inspect  and  fill  the  cells  in  the  upper  tier,  and 
also  the  wooden  tanks  in  the  upper  tier  are  easily  damaged  by  the 
acid  fumes  rising  from  the  lower  cells,  so  that  in  the  end  the  ex- 
penses for  repairs  are  much  higher  than  the  saving  gained  eventually 
by  this  double-tier  installation.  Metal  stands  particularly,  which,  of 
course,  would  have  to  be  used  with  large  size  cells,  are  very  hard  to 
protect,  so  that  the  metal  sulphate  formed  on  them  will  not  get 
into  the  electrolyte. 

The  next  point  we  have  to  consider  is  the  insulation  of  the  tanks. 
The  former  practice  of  installing  with  single  insulation  proved 
unsatisfactory.  When  a  battery  with  this  insulation  has  been  in 
service  for  more  than  three  or  four  years,  troubles  with  leaky  tanks 
have  not  been  uncommon,  so  that  at  the  present  time  double  insula- 
tion is  the  standard. 

This  double  insulation  (Figs.  1  and  3)  has  been  found  to  give 
most  satisfactory  results,  as  the  upper  insulator  is  far  enough  away 
from  the  floor  to  enable  it  to  be  kept  perfectly  clean  and  dry,  and 
the  additional  height  of  the  tanks  from  the  floor  gives  a  better  cir- 
culation of  air  imderneath  them,  which  maintains  a  drier  floor. 

The  wooden  stringers  between  the  porcelain  insulators  can  run 
either  lengthwise  with  the  row  of  cells,  or  crosswise.  The  forme? 
arrangement  is  generally  used  with  small  sized  tanks,  using  one  set 
of  stringers  for  5  to  6  cells.     For  large  sizes  of  tanks,  it  is  found 


838  GOETTLIXG:     STORAGE  BATTERIES. 

advisable  to  have  one  set  of  stringers  for  each  cell  separately,  with 
the  stringer  running  crosswise  to  the  row.  This  arrangement,  be- 
sides giving  a  better  circulation  of  air,  and  facilitating  the  inspec- 
tion underneath  the  cells,  makes  also  each  cell  independent  from 
the  other;  a  very  important  point  in  case  of  repairs. 

In  the  construction  of  tanks,  there  are  many  points  which  should 
be  considered  to  render  the  life  of  the  tank  as  long  as  possible.  The 
most  acid-proof  kind  of  lumber  should  be  used,  that  is  wood  which 
contains  a  large  amount  of  resin,  like  Georgia  or  yellow-pine.  Of 
course,  this  kind  of  wood  is  hard  to  work  on,  as  the  tools  become 
sticky  by  the  resin,  and  must  be  often  cleaned  and  sharpened,  but  the 
slight  overexpense  in  manufacturing  is  well  paid  by  the  longer  life 
that  is  gotten  from  these  tanks. 
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Fig.  3. —  Battert  boom. 

Means  should  also  be  provided  to  keep  the  woodwork  of  the  tan'C 
as  dry  as  possible.  This  is  done  by  giving  the  upper  edge  a  slight 
slope  to  the  inside  of  not  more  than  1  to  5.  If  the  slope  is  made 
sleeper,  the  edge  will  be  too  weak  and  easily  break  off  when  the  tank 
is  in  service.  The  lead  lining  of  the  tank  generally  overlaps  the 
upper  edge  on  the  outside  for  about  2  ins.  By  putting  small  wooden 
strips  underneath  this  overlapping,  the  lower  edge  of  the  lead  is 
kept  about  -J-  in.  away  from  the  woodwork  of  the  tank,  so  that  any 
acid  dripping  from  the  edge  does  not  run  down  along  the  wood. 
The  former  kind  of  plain  tanks  has  been  abandoned  in  favor  of  the 
panelled  form,  the  latter  being  more  rigid  and  giving  better  insur- 
ance against  breakage  on  account  of  the  warping  of  the  wood. 
Between  the  cells  in  each  row  are  put  small  porcelain  insulators, 
which  insure  uniform  distance  between  the  cells,  and  also  prevent 
the  walls  of  the  tanks  from  bulcjinor  out.    For  the  latter  reason  also 
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the  outside  wall  of  the  tanks  at  the  end  of  each  row  is  reinforced  by 
lead-coated  iron  rods,  as  shown  in  some  cells  in  Fig.  1. 

Another  improvement  in  tanks  M'ith  the  point  in  view  of  reducing 
the  operating  cost  of  the  batteries,  is  the  increased  amount  of  space 
at  the  bottom  of  the  tank  for  the  collection  of  the  accumulation 
incident  to  the  gradual  wear  of  the  positive  plates.  This  space  is 
now  made  of  such  a  depth  that  it  will  contain  all  the  sediment  that 
is  precipitated  throughout  the  entire  life  of  these  plates,  so  that 
cleaning  is  only  necessary  at  such  times  as  plate  renewals  are 
required. 

The  battery  plates,  both  positive  and  negative,  as  now  furnished, 
show  great  improvements  over  those  of  previous  years.  Those  most 
generally  installed  by  the  leading  company  are  of  the  "  Man- 
chester" type  for  the  positives  (Fig,  6)  and  of  what  is  known  as 
the  "Box"  plate  for  the  negatives.     (Fig.  7.) 

The  positive  consists  of  a  rigid  conducting  support,  holding  in 
place  soft  lead  formed  into  small  buttons  of  coiled  ribbon,  with  cor- 
rugated surfaces,  these  buttons  extending  slightly  beyond  the  sur- 
face of  the  hard  metal  support,  or  grid,  as  it  is  technically  called. 
These  plates  have  been  found  to  stand  very  satisfactorily  the  ex- 
cessive demands  that  the  storage  battery  is  called  upon  to  meet. 
The  development  in  the  negative  plate  has  kept  pace  v/ith  that  of 
the  positive  plate.  The  negative  plate  now  consists  of  a  hard  metal 
supporting  gird,  in  which  the  various  sections  of  active  material 
are  securely  held  in  place  by  means  of  a  thin  covering  of  perforated 
sheet  lead.  The  advantage  of  this  plate  over  all  other  types  lies 
in  its  strong  mechanical  construction,  in  its  greatly  increased  life, 
and  its  ability  to  maintain  its  capacity  throughout  a  long  period 
of  use. 

A  still  further  development,  and  a  most  important  one,  is  the 
substitution  of  thin  'wooden  diaphragms  between  the  plates  as  sepa- 
rators, in  place  of  the  glass  tubes  heretofore  generally  used.  This 
new  type  of  separator  is  superior,  in  that  it  effectively  prevents  any 
possibility  of  short  circuits  forming  between  the  plates,  thus  keeping 
the  cells  in  uniform  condition,  so  that  the  amount  of  work  in  operat- 
ing the  battery  is  reduced  materially,  and  the  proper  relation  of 
charge  to  discharge  maintained  more  economically  —  all  of  these 
features  combining  to  effefet  a  very  considerable  increase  in  the  life 
of  the  plates. 
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Opeiution. 

Among  the  numerous  functions  performed  by  the  storage  batterj 
in  modern  lighting  and  power  distribution  systems  are : 

(1.)  Supplying  current  for  the  peak  of  the  load,  both  at  the 
generating  station  and  the  substations,  current  so  furnished  being 
regained  at  the  time  of  light  loads,  so  that  the  loa'l -factor  is  placed 
on  a  most  economical  basis. 

(2.)  Kegulating  or  equalizing  the  pressure  due  to  sudden  fluctua- 
tions in  the  load. 

(3.)  Carrying  the  whole  load  when  there  is  ijiterruption  in  the 
service  from  the  generating  station,  or  locally,  when  the  translating 
or  transmitting  service  in  the  substation  is  in  trouble. 

(4.)  Carrying  the  entire  load,  when  it  is  so  light  that  it  is  un- 
economical to  run  the  generating  apparatus. 

(5.)  As  a  reserve  for  preventing  interruptions  in  the  exciter  cir- 
cuit in  alternating  generating  systems,  and  for  quickly  starting 
up  alternating-current  motor-driven  exciters. 

All  these  features  except  (5)  are  well  known,  so  that  it  is  neces- 
sary only  to  add  a  few  words  about  the  exciter  batteries,  their  intro- 
duction being  a  comparatively  new  one,  but  of  the  utmost  impor- 
tance for  alternating-current  generating  stations. 

In  former  times,  where  each  alternating-current  generator  had  its 
own  exciter,  a  trouble  in  the  exciter  affected  only  its  own  generator, 
leaving  the  rest  of  the  system  intact,  but  with  the  present  practice 
of  uniting  all  exciters  on  one  common  bus,  which  in  turn  feeds  the 
fields  of  all  generators,  it  will  readily  be  seen  that  trouble  in  the 
exciter  system  will  affect  the  whole  station  with  serious  results. 
Therefore,  it  is  necessary  to  keep  the  exciter  bus  at  all  times,  and 
under  all  circumstances,  alive,  and  at  the  proper  voltage.  The 
.present  sources  of  supply  for  the  exciter  bus  are  a  set  of  motor- 
driven  generators,  Avith  one  or  more  steam-driven  exciters  as  reserve. 
The  steam-driven  exciters  need  some  time  for  starting,  and  are, 
therefore,  not  able  to  replace  a  motor  exciter  immediately,  as  is 
essential  in  case  of  emergency. 

It  is  therefore  important  to  have  an  additional  supply  of  current 
to  the  exciter  bus,  which  will  work  instantaneously.  A  feeder  run 
from  some  other  direct-current  station  %»» the  exciter-bus  may  ac- 
complish this,  but  in  such  a  case  it  is  either  connected  ready  for 
service  at  all  times,  which  makes  complications  in  operating  at  the 
exciter-bus.  as  well  as  at  tlio  fliroct-ciirront  station ;  or,  it  is  simply 
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ready  for  connection  in  case  of  trouljle,  and  then  much  valuable 
time  is  lost  by  telephoning  from  the  alternating  to  the  direct-cur- 
rent station,  and,  therefore,  the  advantage  of  an  instantaneous  re- 
serve is  lost.  Tliere  is,  with  sucli  a  feeder,  always  also  the  serious 
danger  of  its  burning  out  at  a  critical  moment. 

All  these  troubles  are  avoided,  when  there  is  a  storage  battery  in 
the  station  connected  to  the  exciter-bus.  The  discharge  current 
of  this  battery,  at  the  one-hour  rate,  ought  to  be  equal  to  the  maxi- 
mum excitation  necessary  at  the  exciter-bus,  with  1.6  volts  per  cell 
pressure  at  the  end  of  discharge. 

When  an  accident  happens,  the  battery  will  give  immediately 
enough  current  to  keep  the  excitation  up,  although  the  voltage  may 
drop  somewhat.  Actual  tests  in  New  York  have  shown  that  the 
exciter-bus  voltage  can  drop  11^  without  giving  trouble  in  the 
system.  Allowing  that  the  whole  motor-exciter  s}  stem  breaks  down, 
that  the  battery  is  suddenly  called  upon  for  the  one-hour  rate  of  dis- 
charge, and  that  the  operator  has  no  time  to  adjust  the  end-cell 
switch,  the  drop  from  floating  voltage  will  be  well  within  the  above 
limit.  The  end-cell  switch  must,  of  course,  be  motor  driven  and  con- 
trolled by  push-buttons;  so  it  is  the  practice  to  have  several  push- 
buttons at  different  convenient  places  in  the  station,  in  order  that 
the  operator  can  work  the  end-cell  slider,  from  any  place  wherever 
he  may  happen  to  be,  at  the  time  of  the  breakdown. 

In  order  to  keep  the  capacity  at  the  highest  point,  an  exciter-bat- 
tery should  be  fully  discharged  once  a  week,  and  then  immediately 
charged  at  the  three-hour  rate. 

This  high  charging  rate  is  advisable  only  for  exciter  batteries, 
where  it  is  necessary  to  have  the  battery  ready  for  service  after 
a  discharge  as  soon  as  possible.  For  lighting  batteries,  it  is  better 
to  charge  them  at  not  higher  than  the  five-hour  rate. 

The  discharge  rate  of  a  battery  naturally  varies  according  to  the 
service,  and,  under  normal  conditions,  the  rates  nrescribed  by  the. 
m.anufacturer  of  the  battery  should  be  not  exceeded.  But  in  case 
of  emergencies,  it  can  be  called  upon  for  service  at  any  high  rate, 
without  hesitation,  provided  care  is  exercised  to  restore  it  to  normal 
condition  with  the  least  possible  delay.  The  danger  of  harmful 
overdischarging  does  not  exist  in  the  case  of  Edison  service,  as  the 
discharge  is  limited  by  the  voltage  on  the  main  bus,  which  is  not 
allowed  to  drop  below  certain  limits. 

In  a  very  large  degree,  the  obtaining  of  successful  results  from  a 
battery  is  dependent  both  upon  the  quality  and  the  specific  gravity 
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of  the  electrolj'te  in  the  cell,  and  also  upon  the  manner  in  wliich 
its  changes  in  specific  gravity,  in  the  course  of  regular  operation, 
are  ohserved. 

The  presence  of  impurities,  except  within  certain  extremely  small 
quantities,  affects  not  only  the  immediate  service  of  the  battery, 
but  also  acts  materially  in  reducing  its  life,  so  that  it  is  most  im- 
portant that  every  possible  precaution  be  observed  in  obtaining 
suitably  pure  electrolyte  and  maintaining  it  so. 

The  electrolyte  must  at  all  times  be  maintained  at  the  proper 
level,  so  that  the  plates  will  not  be  exposed  to  the  air.  There  is  a 
gradual  lowering  of  the  level  due  to  evaporation,  especially  during 
charge,  and  this  should  be  regained  by  the  addition  of  the  purest 
water  obtainable,  preferably  distilled  water.  In  order  to  keep  the 
evaporation  down  to  a  minimum,  and  also  for  the  sake  of  protect- 
ing the  exposed  metal  work  about  the  battery  from  the  effect  of 
the  acid  fumes,  which  come  off  when  the  battery  is  being  charged, 
some  batteries  are  equipped  with  a  covering  over  the  cells,  either 
ill  the  form  of  a  thin  rubber  sheet,  or  a  glass  plate.  (Fig.  5.)  This 
i?  not  always  to  be  recommended,  on  account  of  ihe  difficulty  of  in- 
specting the  cells;  but  the  introduction  of  the  wooden  diaphragm 
separators  has  materially  reduced  the  amount  of  inspection  required 
and,  therefore,  the  chief  objection  to  covers. 

As  a  medium  for  following  the  work  that  the  battery  is  doing, 
and  the  condition  of  the  various  cells  through  the  observation  of 
its  variations  in  specific  gravity,  the  electrolyte  is  one  of  the  most 
important  factors  in  the  routine  of  battery  operation.  It  is,  there- 
fore, advisable  to  take,  at  certain  periods,  generally  once  a  week, 
specific-gravity  readings  of  each  cell  in  the  battery.  Any  cell  whicl) 
is  not  in  normal  condition  will  indicate  it  by  abnormal  specific 
gravity,  and  can  thus  be  easily  detected  and  promptly  repaired.  In 
my  practice,  in  Boston,  I  have  found  it  very  convenient  to  plot  the 
results  of  the  weekly  acid  readings  graphically,  and,  following  my 
example,  the  Edison  Companies  in  Xew  York  and  Chicago  are  using 
now  the  same  method  with  splendid  results.  Fig.  8  is  the  reproduc- 
tion of  the  density-curves  obtained  during  26  weeks  on  72  cells,  and 
explain?  sufficiently  the  value  of  this  method. 

Further,  it  is  essential  that  not  only  proper  care  be  given  to  the 
individual  cells  in  the  battery,  but  also  that  the  proper  relation 
between  the  amount  of  charge  and  discharge  should  be  maintained. 
To  accomplish  this,  recording  voltmeters  are  now  used  extensively, 
and  the  curves  drawn  by  these  instruments  have  been  found  to  be 


GOETTLINO:     STORAGE  BATTERIES. 


843 


a  valuable  guide  for  the  operator  when  using  the  Lattery,  especiall}' 
during  the  charge.  In  a  very  short  time,  there  will  be  on  the  market 
a  recording  hydrometer  which  will  record  the  drop  and  rise  of  the 
specific  gravity  in  a  specially  selected  pilot  cell,  and  I  hope  that  this 
instrument  will  also  be  a  great  help  for  the  proper  operation  of 
batteries. 
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Fig.  8. 

As  an  additional  check  on  the  condition  of  the  battery,  it  is 
advisable  occasionally  to  make  discharge  tests,  comparing  the  battery 
with  a  pilot  cell. 

In  conclusion  I  might  say  that  too  much  care  cannot  be  exercised 
in  giving  a  battery  regular  attention,  as  in  any  piece  of  machinery 
it  is  the  better  practice  to  anticipate  trouble,  and  exercise  every 
care  to  prevent  its  occurring,  rather  than  to  wait  until  it  develops 
and  then  attempt  to  remedy  it. 


Discussion. 

Chairman  Lieb:  Tt  may  be  desirable  to  inaugurate  the  discussion  of 
this  paper  by  calling  attention  to  a  few  matters  that  may  be  of  special 
interest  to  the  representatives  from  abroad. 

This  paper  is  presented  as  one  of  the  papers  from  the  Association  of 
Edison  Illuminating  Companies,  as  a  co-operating  society.  The  Association 
of  Edison  Illuminating  Company  has  had  for  a  number  of  years  a  Com- 
mittee on  Storage  Batteries.     The  Committee  on  Storage  Batteries  has 
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on  its  membership  representatives  from  the  larger  electricity  supply  com- 
panies, such  p.s  those  of  New  York,  Chicago,  Boston,  etc.  ITiis  Committee 
is  made  up  of  men  who  are  actually  in  charge  of  the  batteries  of  the 
several  companies  and  they  meet  at  intervals  during  the  year  at  different 
points  and  make  comparison  of  the  methods  and  experiences  of  the  dif- 
ferent companies.  These  comparisons  of  notes  and  practice  have  been 
found  of  great  value  in  securing  improvements  in  the  manner  of  handling 
batteries.  I  would  say  that  the  practice  in  this  country  in  the  handling 
of  batteries  is  somewhat  different  from  the  practice  abroad.  While  in 
many  of  the  earlier  battery  equipments  they  were  installed  on  a  main- 
tenance guarantee,  in  later  years  this  practice  has  been  discontinued  and 
now  practically  all  of  the  batteries  are  installed  without  guarantees.  One 
of  the  greatest  sources  of  trouble  in  connection  with  the  handling  of 
batteries  has  been  found  to  be  the  depreciation  of  the  floor  and  the  upkeep 
of  the  tanks  themselves.  With  the  change  which  has  taken  place  within 
the  last  few  years  in  the  direction  of  concentration  of  the  generating 
equipment,  there  has  taken  place  also  a  change  in  the  position  which  the 
battery  has  occupied  in  the  system. 

Col.  R.  E.  B.  Ceomptox:  The  paper  is  an  important  and  useful  one, 
but  there  is  one  omission  which  I  am  sure  you  ought  to  know  of.  Here  in 
America  you  appear  not  to  appreciate  how  much  the  life  and  cost  of  upkeep 
of  a  battery  depends  on  the  life  and  cost  of  upkeep  of  the  regulating  cells. 
The  practice  in  other  countries  appears  to  be  differentiated.  Here  you  use 
the  old  end-cell  regulation  whereas  we  are  gradually  introducing  a  fixed 
number  of  cells  and  booster  regulation.  We  find  in  England  that  although 
theoretically  it  seems  simple  enough  to  exchange  or  repair  the  regulating 
cells  as  soon  as  they  have  reached  the  limit  of  their  life,  yet  that  the 
repair  or  substitution  of  new  end-cells  is  a  serious  matter,  interfermg 
greatly  with  the  regularity  of  the  supply.  The  repair  or  substitution  of  a 
regulating  booster  is  a  far  easier  matter.  Reversible  boosters  of  several 
kinds  are  now  in  the  market,  and  form  a  veiy  welcome  addition  to  the 
orders  of  our  manufacturing  companies.  I  think  I  am  correct  in  saying 
that  all  our  most  recent  installations  of  storage  have  included  the  booster 
arrangement. 

Another  point  is  that  you  have  told  us  that  the  system  of  maintenance 
by  contract  has  been  practically  abandoned  by  you.  On  our  side  the 
reverse  is  the  case.  At  first  we  found  it  impossible  to  get  responsible 
manufacturers  to  contract  for  maintenance  on  reasonable  terms.  It  was 
greatly  on  account  of  the  uncertainty  of  the  manner  in  which  the  bat- 
teries were  used  which  added  to  the  i:ncertainty  in  the  cost  of  the  main- 
tenance of  the  regulating  cells,  but  in  view  of  recent  developments  and  the 
improvement  that  has  taken  place  in  eveiy  adjunct,  not  only  in  the  cells 
themselves,  but  in  the  containing  boxes,  the  supports  and  the  flooring, 
manufacturers  have  now  seen  their  way  to  undertake  maintenance  con- 
tracts on  very  reasonable  terms. 

I  must  congratulate  the  various  Edison  Supply  Companies  in  this 
country  in  that  they  have  thoroughly  appreciated  the  great  advanta-jos 
of  storage  in  reducing  working  costs,  and  I  think  that  they  are  followmg 
our  practice   as  to   the  most  economical  proportions  of  storage  compared 
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with  generating  plant  to  be  used  so  as  to  deal  most  eeonomieally  with  the 
jjoriods  of  extreme  load.  I  find  that  the  Edison  ideas  as  to  these  propor- 
tions coincide  very  closely  with  my  own  personal  ideas,  and  which  I  have 
adopted  with  considerable  commercial  success  in  companies  with  which  1 
am  closely  connected. 

Mr.  Robert  Hammond:  We  do  not  want  to  dwell  too  long  on  any  one 
subject,  but  I  would  like  to  take  the  opportunity  of  expressing  my  entire 
concurrence  in  the  remarks  made  in  reference  to  the  use  of  boosters.  Mr. 
C'rompton  is  so  modest  a  man  that  he  naturally  omitted  to  say  what 
would  perhaps  be  of  interest  to  the  members,  and  that  is  that  of  all  the 
boosters,  the  one  produced  by  his  firm  is  undoubtedly  the  booster.  As 
one  who  has  been  such  a  zealous  worker  as  he  was  in  the  battery  field, 
it  is  interesting  to  know  that  we  deem  the  great  success  of  the  batteries  on 
our  side  of  the  water  very  much  due  to  the  introduction  of  the  booster. 
There  is  also  one  other  point  in  regard  to  the  maintenance.  In  making 
contracts  for  batteries,  on  behalf  of  supply  undertakings,  I  always  djd 
insist  upon  this  guarantee.  It  works  out  at  about  7.5  per  cent  per  annum, 
and  for  that  amount  those  who  guarantee  the  batteries  have  to  keep  them 
up  to  their  100  per  cent  capacity. 

Chairman  Lieb:     Tanks  as  well? 

Mr.  Hammond:  All  through,  tanks  and  plates,  the  whole  thing.  Not 
the  floor.  The  advantage  of  that  is  this  —  there  is  an  inspector  always 
watching  these  batteries  from  an  outside  point  of  view,  and  we  find  that 
is  a  very  great  advantage.  When  the  gentleman  in  charge  of  the  station  is 
apt  to  take  a  step  in  the  wrong  direction,  he  hesitates  to  do  so,  because 
he  knows  he  has  an  agreement  which  sets  forth  the  conditions  under  which 
he  may  use  the  battery,  and  if  he  neglects  any  of  the  conditions  he  may 
ruin  the  battery.  That  is  a  constant  remainder  to  him  of  his  duty.  We 
know  how  easy  it  is  to  step  aside  from  the  path  of  duty  —  at  least  in 
Great  Britain  —  and  that  is  one  of  those  things  that  keeps  us  on  the 
right  track. 

Col.  Crompton:  I  find  that  the  mere  fact  that  the  whole  discharge 
must  go  through  a  reversible  booster  is  a  great  check  on  over-discharge 
to  an  extent  which  would  damage  the  main  battery  of  cells.  On  account 
of  sparking  and  other  reasons  it  is  evident  that  no  one  can  possibly  allow 
a  large  over-discharge  from  a  reversible  booster. 

Mr.  M.  J.  E.  TiLNEY:  I  ask  whether  Mr.  Goettling  has  had  any  trouble 
with  the  thin  wooden  diaphragms  in  between  the  plates  —  whether  there  is 
any  special  construction  or  any  special  wood  he  uses  for  these  separators, 
because  on  the  face  of  it  one  would  think  you  might  possibly  short-cir- 
cuit the  cells  with  the  wood.  In  the  ordinary  way  if  you  get  a  piece  of 
wood  between  the  cells  you  would  run  your  cell  down.  Another  point  is  — 
iji  connection  with  these  very  deep  boxes.  I  am  connected  with  a  firm  that 
has  nearly  10,000  cells  in  use  and  2500  are  approximately  twenty-five 
inches  in  depth.  Some  of  the  battery-makers  objected  to  supplying  deep 
cells,  owing  to  the  enormous  difTerence  in  the  specific  gravity  of  the  acid  in 
the  top  and  bottom  of  the  cell,  and  some  of  them  say  that  the  diff"erence 
in  specific  gravity  will  destroy  the  bottoms  of  the  plates.  The  longest 
period  during  which  we  have  had  the  big  cells  in  use  is  two  and  a  half 
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years;  but  from  experiments  which  I  conducted  on  one  battery,  we  got  a 
specific  gravity  of  1.190  at  the  top,  while  the  specific  gravity  at  the  bot- 
tom, approximately  one  and  one-half  inch  below  the  plate,  was  as  high 
as  1.280.  I  should  like  to  know  if  Mr.  Goettling  has  found  any  difficulty 
in  regard  to  this  difference  in  density,  and  whether  it  does  tend  to  de- 
stroy the  bottom  of  the  plate.  One  other  point  in  regard  to  what  Mr. 
Hammond  said,  I  think  we  must  be  in  a  particularly  happy  position,  be- 
cause our  maintenance  agreements  come  out,  including  boxes,  plates  and 
everything,  for  something  slightly  exceeding  6.5  per  cent. 

Mr.  Peter  Junkebsfeld:  In  regard  to  storage  batteries,  I  emphasize 
what  Mr.  Lieb  has  said  as  to  the  importance  of  storage  batteries  in  this 
country,  particularly  for  large  systems.  Herein  we  may  also  find  some- 
thing to  explain  our  practice  of  using  end-cell  switches,  whereas  the 
])ractice  in  England  is  to  use  boosters.  We  place  much  dependence  on 
the  storage  battery  and,  therefore,  like  to  have  the  installation  as  re- 
liable as  possible.  The  addition  of  a  booster  would  include  another  ele- 
ment, in  this  case  rotating  machinery,  and  that  is  the  reason  we  do  not 
use  the  booster  to  a  very  great  extent  for  discharging.  Our  central  station 
loads  are  fairly  steady  and  we  have  not  found  much  difficulty  in  handling 
the  end-cell  switches.  Another  reason  for  the  use  of  such  a  large  propor- 
tion of  batteries  is  that  in  December  the  possible  use  of  these  batteries 
runs  anyAvhere  from  15  to  40  per  cent  of  the  maximum  load.  We  can 
often  use  them  to  this  extent  on  account  of  the  very  sharp  peak.  Many 
of  the  companies  can  afford  to  install  batteries  to  carry  15  per  cent,  20 
I>er  cent  or  25  per  cent  of  their  peak  demand  at  that  particular  time  of 
the  year,  rather  than  to  spend  money  for  equivalent  generating  equipment. 

Mr.  Gerhard  Goettling:  The  end-cell  question  is  answered  by  Mr. 
.Junkersfeld.  I  have  nothing  to  add  on  that  point.  I  might  say  that  in 
our  Boston  practice  we  have  found  that  we  do  not  need  the  booster  to 
keep  the  voltage  of  the  battery  more  constant,  as  we  understand  its  use. 
Our  batteries  in  case  of  constant  changes  of  the  load  are  never  called 
upon  for  more  than  perhaps  the  one-and-one-half  hour  rate ;  they  are  seldom 
called  upon  at  the  one-hour  rate,  so  that  a  drop  in  the  voltage  at  these 
constant  changes  in  the  load  does  not  affect  the  voltage  very  much,  as  we 
have  found  by  actual  readings.  The  New  York  Edison,  Chicago  Edison  and 
Boston  Edison  Companies  are  now  using  the  recording  voltmeter.  The 
lines  shown  on  the  recording  voltmeter  are  very  steady,  generally  not  more 
than  half  a  volt  difference  in  variation  in  the  line. 

As  to  the  wooden  separators,  I  will  say  that  we  have  used  the  wooden 
separators  since  1901,  and  they  have  been  in  general  use  since  1902,  and 
during  this  period  we  have  had  splendid  results  with  them.  The  capacity 
of  the  batteries  was  increased  very  much  as  soon  as  we  installed  these 
boards.  The  boards  affect  only  the  negative  plates.  They  have  no  effect  ou 
the  positive  plates.  It  might  be  that  the  effect  on  the  positive  plates  ts 
slightly  detrimental,  so  far  as  it  may  be  the  cause  of  buckling.  But  these 
cases  are  so  very  rare  that  they  have  no  effect  on  the  voltage  of  the 
battery.  The  main  point  is  that  the  installation  of  the  wooden  separators 
increases  the  capacity  of  the  negative  plates.  It  has  generally  been  the 
case  that  the  negative  plates  gave  80  per  cent  of  the  guaranteed  capacity 
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before  the  installation  of  the  boards,  and  about  three  weeks  after  the 
installation  of  the  boards  we  got  110  to  115  per  cent,  so  that  the  life  of  the 
negative  plate  is  increased  by  at  least  two  years.  The  wood  used  for  the 
separators  is,  I  think,  ash;  I  do  not  know  certainly.  It  is  a  secret  of  the 
storage  battery  company,  but  the  important  point  is  that  the  battery 
company  sends  these  wooden  boards  specially  treated,  because  when  you 
install  the  dry  wood  it  might  give  rise  to  possibly  organic  acids  in  connec- 
tion with  sulphuric  acid,  and  cause  a  too  extensive  formation  of  acid  on 
the  positive  plate  and  shorten  the  life.  The  storage  battery  company  now 
treats  the  wood  so  that  there  is  no  danger  of  any  excessive  formation  of 
acid  on  the  positive  plates. 

As  to  the  difference  in  the  specific  gravity,  I  may  say  I  have  not  found 
this  to  be  great.  Our  plates  as  we  are  now  using  them  are  thirty-one 
inches  long,  with  thirty-seven  inches  in  height  of  the  acid,  but  the 
difference  in  the  specific  gravity  is  perhaps  not  more  than  0.003  or  0.00-t 
on  the  readings.  As  to  the  difference  in  the  acid,  the  result  is  not,  as 
some  have  stated,  that  the  heavier  acid  at  the  bottom  spoils  the  plates 
at  the  bottom.  We  find  when  we  take  them  out  that  the  bottoms  of 
plates  are  less  affected.  I  have  had  thousands  and  thousands  of  plates 
taken  out,  and  the  buttons  on  the  upper  half  were  eaten  out  of  the 
plates,  and  the  lower  parts  of  the  plates  were  still  intact.  It  may  be  that 
the  difference  in  the  specific  gravity  is  compensated  for  by  the  difference 
in  current  —  the  specific  gravity  being  lower  there  is  little  more  resistance 
in  the  acid,  and  so  the  matter  is  equalized.  I  cannot  say  that  we  have 
found  any  difficulty  in  using  such  high  tanks.  The  larger  space  at  the 
bottom  cannot  have  any  effect,  because  it  is  a  well-known  fact  that  the 
acid  underneath  the  tank  is  not  changed  at  all  during  charge  or  discharge. 
The  only  effect  of  a  difference,  or  drop,  in  the  specific  gravity  is  between 
the  plates,  and  not  underneath  the  plates,  and  it  does  not  make  any 
difference  whether  you  have  six  or  twelve  inches  at  the  bottom. 

Chairman  Lieb:  I  will  consider  this  discussion  closed,  and  I  will  now 
call  upon  Mr.  Percy  H.  Thomas,  who  will  be  kind  enough  to  read  the  paper 
by  Mr.  Henry  Noel  Potter  on  "  Nernst  Lamps."  During  the  reading  of 
this  paper  I  will  ask  Dr.  Jorge  Newbery  to  occupy  the  chair. 

(Dr.  Newbery  in  the  chair.) 

Mr.  Thomas  read  the  paper  of  Mr.  Potter. 


NERXST  LAMP. 


BY  HENRY  NOEL  POTTER. 


The  N'emst  glower  is  to  be  a  permanent  factor  in  electric  light- 
ing, despite  its  peculiarities,  because  it  does  possess  optical,  elec- 
trical and  commercial  advantages  over  the  carbon  filament. 

The  chief  advantage  is  the  possibility  of  a  greater  number  of 
candle-hours  per  dollar.  The  chief  disadvantage  is  the  necessity 
of  setting  the  glower  in  operation  by  devices  which  add  to  cost 
and  complication,  without  having  any  illuminating  function. 

In  short,  the  luminous  glower  beats  the  incandescent  filaiuent 
at  almost  every  point,  but  the  cold  glower  is  a  serious  handicap. 

Commercially  speaking,  the  advantage  is  continuous,  the  disad- 
vantage one  of  first  cost.  It  is  obvious  that  a  continuous  saving 
will  in  time  pay  off  a  loss  due  to  increased  first  cost,  and  eventually 
show  a  profit.  Nevertheless,  a  high  first  cost,  even  if  paid  off 
in  a  few  hundred  burning  hours,  is  a  serious  handicap  to  the  intro- 
duction of  a  novel  lamp,  as  the  prospective  consumer  fears  that 
the  saving  will  in  some  way  prove  illusory.  True  progress  will 
consider  both  installation  and  operation. 

With  this  criterion  in  mind,  it  is  instructive  to  note  that  the 
development  of  the  glower  and  the  lamp  has  proceeded  simultane- 
ously in  Germany  and  America  along  convergent,  rather  than 
parallel  lines,  toward  what  is  probably  the  true  place  of  the  Nernst 
system  in  electric  illumination. 

Development. 

The  German  development  proceeded  along  the  lines  of  least 
resistance,  letting  the  evolution  of  the  glower  govern  the  size  of 
the  lamp.  This  involved  the  study  of  glowers  of  various  and 
increasing  sizes. 

The  American  development  sought  rapidly  to  accomi)lish  pre- 
scribed lamp  sizes  and  candle-powers.  This  involved  a  concentra- 
tion on  practically  a  single  size  of  glower,  and  growth  by 
multiplication. 

The  German  glower  was  studied  on  direct  current,  the  American 
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on  alternating,  and  this  resulted  in  the  use  of  a  fused-in  terminal 
not  suited  to  direct  current  here,  and  a  wrapped  and  pasted  ter- 
minal in  Europe. 

The  German  lamp  adopted  the  helical  or  "  spiral "  heater  sys- 
tem wherein  the  glower  is  embraced  by  the  heater,  and  renewed 
both  heater  and.  glower  when  either  failed,  but  in  some  of  the 
larger  sizes  they  adopted  a  modified  American  overhead  system, 
retaining,  however,  the  compound  renewal  system,  heater  and 
glower  together.  They  finally  abandoned  the  embracing  heater 
in  their  small  lamps  in  favor  of  an  inversion  thereof  wherein  the 
glower  embraces  the  heater. 

The  American  lamp  has  adhered  to  the  independent  glower  re- 
newal and  the  overhead  heater,  having  a  high  first  cost  and  long 
life,  except  in  small  size  or  "  baby "  lamps,  where,  after  many 
trials  of  long-lived  heaters  and  independent  glower  renewals,  they 
adopted  a  cheap  heater  renewed  with  the  glower. 

The  greatest  difference,  however,  is  in  the  use  of  large  single 
glowers  abroad,  as  against  a  bunch  of  several  small  glowers  here. 
The  multiple-glower  type  was  the  only  solution  to  the  prescribed 
large  candle-powers  when  it  was  brought  out,  and  even  yet  the 
American  six-glower  lamp  has  a  greater  candle-power  than  has 
been  reached  commercially  with  a  single  glower.  Further,  the 
German  company  has  made  lamps  with  several  large  glowers  in 
one  globe,  showing  that  they  do  not  believe  that  single  glowers 
for  currents  of  several  amperes  are  an  immediate  probability. 

There  can  be  do  doubt  that  the  single  large  glower  makes  a 
cheaper,  better  lamp  than  several  small  glowers  of  the  same  total 
candle-power,  because  several  glowers  require  a  more  elaborate 
heater  and  heater-supporting  structure,  a  multiplicity  of  contact 
pins  and  connections,  several  ballasts  and  their  connections  and 
supports,  and  more  labor  in  assembling,  testing  and  repairs. 

More  important,  however,  than  the  above  is  the  fact  that  sev- 
eral glowers  in  one  lamp,  in  practice,  break  at  different  times,  and 
the  effective  life  between  trims  becomes  the  quotient  of  the  glower 
life  divided  by  the  number  of  glowers.  This  is  serious,  particu- 
larly as  there  is  no  necessarily  fixed  time  between  trims,  and  con- 
venience in  maintenance  counts  for  much^  especially  in  America. 

A  six-glower  lamp  in  which  the  glowers  average  900  hours  life 

would  have  to  be  trimmed  about  every  150  hours,  for  the  best 

service.     If  trimmed  every  300  hours,  it  would  run  about  half  the 

time  with  only  five  glowers  lighted,  and  consequently  in  a  con- 
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dition  to  occasion  and  warrant  criticism.  Xo  one,  whatever  his 
attitude  toward  the  lamp,  likes  to  bother  to  trim  it,  merely  because 
it  is  dim.  A  lamp  should  be  designed  with  an  appreciation  of  the 
human  nature  of  the  user;  few  people  will  bother  to  attend  to 
anything  until  it  gets  so  bad  they  positively  can't  use  it  at  all. 
Therefore  the  best  lamp  is  one  which  gives  good,  steady  service 
and  requires  no  attention  until  it  goes  out  instantly  and  com- 
pletely.    This,  the  multi-glower  does  not  do. 

Sizes  of  Unit. 

The  sizes  of  unit  best  adapted  to  the  illumination  of  large  in- 
teriors lie  from  40  to  150  mean  hemispherical  candle-power,  when 
cost  of  wiring  and  outlets  is  considered.  The  16-cp  lamp  is  too 
small,  as  is  shown  by  the  extensive  use  of  clusters  and  the  appear- 
ance and  sale  of  special,  large,  round-globe  lamps  with  reflectors. 
The  inclosed  arc  is  too  large,  as  shown  by  the  elaborate  reflector 
systems  devised  by  those  who  are  trying  to  distribute  its  light 
properly  over  an  area  commensurate  with  its  cost  of  operation. 

Numerous  attempts  to  make  small  arcs  for  two  or  three  am- 
peres prove  that  even  some  arc-lamp  manufacturers  believe  that 
better  effects  can  be  secured  by  lamps  of  smaller  candlepower. 
As  the  Nernst  lamp  is  peculiarly  suited  to  what  may  be  termed 
intermediate  candlepowers,  every  attempt  should  be  focused  upon 
thoroughly  covering  this  field  with  lamps  meeting  the  criterion 
of  low  initial  cost,  coupled  with  sustained,  economical  service. 

We  may  now  properly  review  the  Nemst  lamp  from  an  engineer- 
ing standpoint  and  examine  the  peculiarities  of  the  glower  and 
of  the  auxiliary  devices  occasioned  thereby,  with  a  critical  appre- 
ciation of  the  problems  involved,  the  solutions  offered,  and  the 
probability  of  further  advance. 

Glower. 

The  glower  may  be,  broadly,  any  solid  body  which  is  practically 
a  non-conductor  of  electricity  when  cold,  but  becomes  a  sufficient 
conductor  when  heated  to  permit  a  flow  of  current  adequate  alone 
to  maintain  it  at  a  conducting  temperature.  This  breadth  of  defini- 
tion is  at  once  narrowed  in  practice  by  three  considerations: 

1.  The  temperature  maintained  must  produce  a  commercially 
efficient  light. 

2.  The  life  must  be  long  enough  to  satisfy  the  consumer  ac- 
customed to  incandescent  lamps. 
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3.  The  temperature  at  which  it  becomes  conducting  enough  to 
"  start "  must  be  within  the  reach  of  a  heating  device  possible 
10  produce,  operate  and  maintain  at  a  reasonable  cost. 

'J'he  first  consideration  eliminates  certain  oxides  and  mixtures 
which  start  when  heated  only  to  room  temperature,  but  melt  below 
a  temperature  of  efficient  incandescence. 

The  second  consideration  eliminates  any  substance  or  mixture 
which  greatly  changes  its  resistance  in  operation.  The  cause  of 
such  change  may  be  sublimation,  crystallization,  polymerization, 
or  the  gradual  formation  of  new  chemical  compounds.  These 
changes  are  not  absent  in  operative  glowers,  but  they  are  reduced 
to  a  tolerable  amount,  and  to  a  certain  extent  balanced  against 
one  another  to  maintain  approximate  constancy.  Certain  sub- 
stances produce  rapid  or  large  variation  in  glower  resistance. 
These  must  be  eliminated,  or  the  last  traces  of  them  balanced. 

There  is  still  the  third  consideration  of  starting  temperature 
noted  above.  Practical  heating  devices  are  dependent  upon  plati- 
num as  the  conducting  material,  and  considerations  of  cost  and  life 
limit  the  temperature  at  which  they  can  be  safely  operated.  This 
temperature  is  not  high  enough  to  start  certain  glower  mixtures 
which  otherwise  seem  to  possess  excellent  qualities. 

It  seems  probable  that  the  experience  of  the  Welsbach  mantle 
will  eventually  be  paralleled  in  the  Nernst  glower,  and  that,  gradu- 
ally more  refractory  glower  mixtures  will  be  used.  Such  an  im- 
provement would  increase  the  efficiency  and  the  whiteness  of  the 
light,  and  might  possess  other  advantages  in  constancy  or  life. 
This  is  the  direction  in  which  greatest  progress  may  be  expected, 
but  heater  improvement  must  lead  the  way. 

It  is  not  at  present  possible  to  make  the  same  glower  operate 
interchangeably  on  alternating  and  direct  current,  or  to  reverse 
the  established  polarity  of  a  direct-current  glower.  The  differ- 
ence in  action  between  the  two  currents  is  so  great  that  two  dis- 
tinct types  of  terminal  have  been  developed.  The  best  terminal 
for  alternating  service  consists  of  a  platinum  bead  fused  into  one 
side  of  a  larger  bead  of  glower  material  at  each  end  of  the  glower. 
The  advantages  of  this  terminal  seem  to  be  purely  mechanical, 
in  that  a  large  area  of  platinum  and  glower  are  firmly  pressed 
together  and  protected  from  displacement  in  transport  and  use. 

A  direct-current  terminal  must  be  ventilated,  so  to  speak.  The 
theory  of  Nernst^  that  the  glower  is  an  electrolytic  cell  wherein 

1.  W.  Nernst,  Zeit.  fiir  Elektrochemie,  6,  p.  41,  1899. 
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oxygen  is  the  negative  ion  and  either  atmospheric  oxygen  or  oxy- 
gen dissolved  and  diffusing  within  tlie  glower  is  the  depolarizer, 
has  received  in  the  investigation  of  Bose^  such  experimental  sup- 
port as  to  leave  no  reasonable  doubt  that  such  is  the  case.  Oxy- 
gen must  therefore  reach  and  react  with  the  reduced  metal  at  one 
electrode  and  anodic  oxj-gen  liberated  must  escape. 

The  sealed-in  terminal  hinders  or  prevents  this  oxygen  flow 
and  is  therefore  restricted  to  use  where  electrolysis  is  so  short 
lived  and  so  completely  reversed  as  to  be  practically  absent.  This 
is  true  with  alternating  currents  delivering  equal  coulombs  posi- 
tive and  negative.  The  observation  of  Wurts^  that  alternating- 
current  glowers  have  longer  life  on  higher  frequency,  doubtless 
finds  its  explanation  in  an  extension  of  the  above  reasoning. 

The  direct-current  terminal  consists  of  strands  of  fine  platinum 
wire  looped  about  the  end  of  the  glower  and  twisted  to  give  con- 
tact. The  interstices  between  wire  and  glower  are  filled  with 
ground  glower  material  forming  a  porous  lump.  This  terminal 
is  easy  to  make,  but  hard  to  standardize,  as  it  is  largely  hand 
work. 

A  glower  should  start  at  a  dull  red  heat  and  its  resistance 
decrease  at  a  rate  increasing  with  the  temperature  and  current 
until  the  resistance  decreases  as  fast  as  the  current  increases,  so 
that  their  product,  or  the  voltage  across  the  glower,  reaches  a 
maximum.  Further  current  increase  is  accompanied  by  decrease 
of  voltage. 

The  voltage  maximum  is  called  the  "  knee "  of  the  voltage- 
current  characteristic,  and  in  practice  the  glower  is  operated  at 
or  near  the  "  knee,"  as  above  this  point  the  life  is  inadequate  and 
the  regulation  naturally  increasingly  difficult,  since  the  glower  is 
in  a  state  of  complete  instability  as  to  electrical  relations. 

Two  observations  are  of  practical  importance  in  this  connection: 
First,  that  in  glowers  of  different  thicknesses,  the  "  knee  "  occurs 
at  different  surface  temperatures ;  and  second,  that  the  same  glower 
will  have  different  resistance  characteristics  in  different  gases. 

It  is  obvious  that  closely  surrounding  an  operating  glower,  and 
within  its  pores,  we  have  all  the  conditions  necessary  for  the  iontza- 
tion  of  a  gas,  together  with  a  potential  gradient  of  sufficient 
steepness — about  70  volts  per  centimeter  in  0.4-ampere  glowers — 
to  maintain  appreciable  electric  current  in  the  gas  in  and  about 

2.  E.  Bose,  AwH.  d.  Physilc,  1),  p.  104.  1002. 

3.  A.  J.  Wurts,  Trans.  A.  I.  E.  E.,  XVill,  August,  1901. 
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the  glower.  The  strength  of  such  ciuTcnts  and  the  temperatures 
at  which  they  will  become  appreciable  will  differ  in  various  gases, 
and  this  may  well  explain  the  peculiarities  introduced  into  the 
glower  characteristic  by  the  atmosphere  in  which  it  runs. 

The  leakage  current  through  the  gas  gives  no  great  amount 
of  light,  but  doubtless  helps  to  destroy  the  glower  structure  and 
makes  a  bad  resistance  characteristic  still  worse.  It  may  be  that 
gas  conductivity  will  set  a  limit  to  improvement.  There  is  some 
evidence  that  a  glower  will  operate  on  direct  current  to  advantage 
in  an  atmosphere  of  oxygen,  but  this  would  involve  a  sealed  globe. 

The  efficiency  is  less,  the  thicker  the  glower,  because  the  resist- 
ance decreases  faster  along  the  axis  of  the  glower  than  at  the 
relatively  cool  surface.  The  current  thus  concentrates  near  the 
axis  and  in  thick  glowers  may  even  melt  the  inside  before  the 
surface  is  hot  enough  to  be  an  efficient  light  source.  The  most 
obvious  remedy  is  to  remove  the  axial  portion  and  make  a  tubular 
glower.  Such  a  tube  may  operate  well,  provided  the  glower  mix- 
ture be  very  even  and  the  tube  wall  equally  thick  everywhere  and 
free  from  physical  deformities  of  all  kinds,  and  provided  the 
"  knee  "  temperature  is  not  greatly  exceeded — otherwise  the  cur- 
rent develops  a  path  of  least  resistance  along  one  side,  or  some- 
times along  a  crooked  line  or  spiral  from  terminal  to  terminal 
and  there  fuses  and  destroys  the  glower. 

By  great  care  in  the  selection  of  earths,  in  making  the  mixture 
and  in  forming  and  mounting  the  glower,  it  is  possible  to  manu- 
facture glowers  for  about  1.2  amperes.  In  the  laboratory,  larger 
glowers  have  been  successfully  operated. 

Light  Efficiexct. 

The  comparison  of  the  useful  light  radiated  by  the  alternating 
Nemst  lamp  and  its  competitors  may  be  made  on  a  basis  of  the 
mean  candle-power  throughout  the  whole  sphere,  or  any  portion 
or  zone  agreed  upon.  Mean  spherical  candle-power  is  not  a  utili- 
tarian basis.  The  mean  lower  hemispherical  is  more  nearly  prac- 
tical, except  that  light  radiated  but  slightly  below  the  horizontal, 
strikes  floor  surfaces  at  such  distances  and  at  such  angles  as  to 
be  of  little  illuminating  value.  In  a  large  area  lighted  by  many 
lamps,  the  nearly  horizontal  beams  from  any  lamp  fall  within  the 
brightly  lighted  fields  of  other  lamps  where  they  are  not  needed. 
They  are  also  the  beams  which  produce  most  of  the  objectionable, 
dazzling  effect. 
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For  these  reasons,  it  is  thought  that  a  fair  comparison  of  rela- 
tively useful  illumination  can  best  be  made  on  the  basis  of  the 
mean  candle-power  throughout  a  lower  polar  zone  75  deg.  in  width, 
measured  from  the  vertical.  In  the  fallowing  table,  a  comparison 
is  made  between  a  Nernst  lamp,  a  cluster  and  a  reflector  lamp. 
The  cluster  consists  of  five  3.5-watt  carbon-filament  lamps,  each 
giving  16  mean  horizontal  candle-power,  mounted  beneath  a  14-in. 
opal-glass  reflector.  The  Nemst  lamp  selected  for  comparison  is 
an  American  t}T)e,  264-watt  lamp,  equipped  with  an  opal  heater 
case  and  a  dome  shade.  The  reflector  lamp  is  one  of  the  5-iii. 
spherical,  frosted  globe  t5^e.  The  corresponding  figures  are  also 
given  for  the  528-watt  Nernst  lamp,  with  opal  heater  and  dome 
shade.  This,  however,  is  not  an  intermediate  size,  being  more 
nearly  comparable  to  an  inclosed  arc,  than  to  any  ordinary  cluster 
of  incandescent  lamps.  The  mean  horizontal  candle-power  is  also 
given : 


Mean 
75°  polar 
zonal  C.  P. 

Watts 
per  mean 
Z.  C.  P. 

Mean 
hemispher- 
ical C.  P. 

Watts. 

Mean  zonal 

candles  per 

kilowatt. 

3-glower  Nernst  lamp. 

160 
95 

40.5 
119 

87.5 

29 
105 
79 
26.5 

1.64 
2.93 

2.92 
2.22 

3.2 

4.1 
2.5 
3.5 
4.5 

127 
86 

86 

264 

280 

118 

> 

1 

5-lamp  cluster,  initial. 
Keflector  lamp,  5" 

globe,  initial 

3-glower  Nernst  lamp, 

average  800  hours  . . . 
5-lamp   cluster,    aver- 

age    800    hours,   ap- 

450 
313 
244 

Reflector  lamp,  aver- 
age   800    hours,    ap- 

3-glower  Nernst  lamp, 
after  800  hours 

5-lamp  cluster,   after 
800  hours 

Reflector  lamp,  after 
800  hours 

It  will  be  understood  that  no  exact  comparison  is  possible  as 
the  distribution  at  different  angles  is  not  strictly  proportional 
in  the  various  types  selected.  The  figures  given  are  intended  to 
illustrate  approximately  the  best  results  which  can  be  expected 
under  practical  conditions. 

It  is  thus  seen  that  the  Nernst  lamp  at  the  end  of  its  run  is 
better  than  its  competitors  at  the  beginning  of  theirs,  and  that 
70  cents'  worth  of  current  will  give  the  same  service  in  a  Xernst 
lamp  as  a  dollar's  worth  in  a  cluster,  with  the  reflector  lamp  a 
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bad  third.  It  should  be  explained  that  in  the  cluster,  3.5-watt 
lamps  are  chosen  rather  than  3.1-watt  lamps,  as  the  latter  are  not 
long  lived  enough  for  a  fair  comparison  with  the  other  types.  The 
Nernst  lamp  eflBciency  could  be  considerably  raised  and  still  have 
the  effective  life  of  the  3.1-watt  carbon  incandescent. 

Auxiliary  Parts. 

There  are,  unfortunately,  other  parts  in  a  Nernst  lamp  beside 
glowers,  and  much  depends  upon  their  reliability.  The  steadying 
resistance  or  "  ballast "  is  one  of  these.  The  characteristic  of  the 
glower,  as  described  above,  is  not  adapted  to  operation  upon 
constant-potential  service  without  a  steadying  resistance  in  series 
with  the  glower.  To  illustrate,  assume  that  the  glower  is  operating 
at  the  "  knee  "  of  its  characteristic,  where  slight  increase  of  cur- 
rent is  not  accompanied  by  any  change  in  voltage,  and  that  in 
series  with  the  glower  is  a  steadying  resistance  of  "  constantan  " 
or  other  alloy  having  almost  no  temperature  coefficient.  The  resist- 
ance of  this  ballast  may  be  assumed  equal  to  that  of  operating 
glower,  so  that  half  of  the  wattage  is  in  the  glower  and  half  in  the 
ballast.  The  current  will  increase  twice  as  fast  as  the  voltage,  which 
in  itself  is  an  intolerable  condition,  aside  from  the  fact  that  half 
the  watts  are  in  the  ballast,  and  the  efficiency  of  the  lamp  but 
half  that  of  the  glower,  and  hopelessly  out  of  the  race. 

Inductance  in  the  place  of  resistance  is  possible  in  alternating 
lamps,  but  while  this  might  save  power,  it  would  give  a  lamp  with 
current  displaced  in  phase,  and  high  lamp  voltage  relative  to 
glower  voltage. 

A  remaining  possibility  was  to  substitute  for  the  "  constantan  " 
a  resistance  which  increases  as  the  current  increases,  the  more  the 
better.  The  resistance  increase,  however,  must  take  place  very 
quickly  after  the  current  increase,  or  the  latter  will  momentarily 
reach  such  strength  as  to  destroy  the  glower,  which  has  little  heat 
capacity.  Very  fine  iron  wire  possesses  the  required  properties  in 
such  a  high  degree  that  trebling  the  voltage  across  a  length 
of  it  may  increase  the  current  only  10  per  cent.  The  change  in 
resistance  also  follows  the  change  in  current  very  rapidly  in  the 
wire  itself.  To  secure  this  enormous  effect,  however,  it  is  neces- 
sary to  have  the  normal  glower  current  heat  the  wire  to  a  par- 
ticular point,  namely,  almost  to  the  temperature  cff  recalescence, 
so  that  an  increase  of  current  will  cause  the  iron  to  pass  through 
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this  critical  region  within  which  sudden  resistance  increase  occurs, 
due  probably  to  molecular  rearrangement. 

It  is  convenient  to  have  the  ballast  resistance  short  in  length, 
and  it  is  thus  dcsirablv3  that  it  should  be  of  the  smallest  diameter 
possible  for  its  normal  current.  The  normal  current  and  the 
normal  temperature  being  both  fixed,  the  only  way  to  control  the 
diameter,  and  thus  the  length  of  wire,  is  to  vary  the  heat-dissi- 
pating power  of  thjd  gas  surrounding  it.  Of  course,  the  wire  would 
burn  up  in  air,  and  so  some  inert  gas  must  surround  it,  but  it  is 
not  a  matter  of  indifference  which  gas  is  used,  the  thinnest,  short- 
est wire  for  given  conditions  being  possible  only  in  hydrogen, 
which  has  the  greatest  heat-dissipating  power  of  all  the  gases. 

The  use  of  a  hydrogen  atmosphere  involves  a  container  and 
this  introduces  difficulties,  because  this  container,  made  of  glass, 
heats  up  slowly  and  causes  the  ballast  wire  to  creep  up  in  tempera- 
ture and  resistance,  thus  affecting  the  current  in  the  glower.  Fur- 
ther, when  the  container  is  of  lead  glass,  the  hydrogen  reduces  the 
lead  oxide  in  the  glass,  throwing  out  black  metallic  lead  and  intro- 
ducing moisture  into  the  ballast  atmosphere.  Fortunately,  this 
only  occurs  when  ballasts  are  rim  abnormally  hot ;  so,  instead  of 
using  glass  free  from  lead,  the  latter  is  retained  and  the  blackening 
of  the  ballast  used  as  a  certain  indication  of  excessive  over-voltage. 

When  a  ballast  is  cold  and  its  glower  is  started,  the  ballast  must 
be  brought  to  normal  operating  temperature  before  it  can  steady 
the  glower.  The  heat  capacity  of  the  ballast  is  such  that  it  takes 
an  appreciable  interval  to  warm  it  up,  and  consequently  the  glower 
gets  a  momentary  excess  current,  which  is  injurious,  but  not  so  much 
so  as  to  seem  to  warrant  further  complications  in  the  lamp  to  avoid 
it.  It  has  been  found  that  all  creeping  is  eliminated  by  operating 
the  ballast  under  water,  which,  while  hardly  a  possibility  in  a 
lamp,  is  convenient  on  a  photometer.  In  the  large  German  lamps, 
the  ballast  container  is  surrounded  by  a  close-fitting  jacket  of  metal 
plates  which  act  as  a  cooler.  In  multiple-glower  lamps  there  are 
multiple  ballasts,  and  such  jackets  would  be  too  complicated  and 
are  sacrificed. 

Heaters. 

The  next  feature  of  interest  is  the  heater  system.  Lamps  were 
at  first  made  with  movable,  cup-shaped  heaters,  drawn  away  from 
the  glower  magnetically  so  as  to  permit  unimpeded  radiation  of 
light.     These  heaters  were  very  powerful  and  lighted  the  glower 
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very  qinckly,  but  they  were  cluinsy  and  likely  to  get  oiit  of  order, 
so  the  stationary  heater  was  developed.  The  tubular  heater  was 
the  earliest  practical  form  brought  out.  It  was  first  placed  under 
the  glowers  and  some  very  pretty  lamps  modelled  after  gas  lamps 
were  made. 

Finally  the  tube  heater  was  dropped  in  Germany  and  inverted 
in  America,  so  as  to  be  above  the  glowers.  This  is  the  slowest 
starting  position,  but  the  best  optically,  and  cannot  be  Injured  by 
sagging  glowers.  The  spiral  or  helical  heater,  made  by  winding  a 
long,  tliin  kaolin  rod  with  platinum  wire  and  then  heating  and 
bending  the  rod  into  a  helix,  proved  to  have  many  advantages,  as 
it  is  cheap,  starts  the  glower  quickly  and  heats  it  in  any  position 
almost  equally  well.  It  obstructs  less  light  than  is  generally  sup- 
posed. It  is  the  only  practical  heater  for  starting  vertical  glow- 
ers. Heaters  were  first  made  with  bare  platinum,  but  this  causes 
rapid  blackening  of  all  adjacent  surfaces.  Enameled  surface  heat- 
ers were  then  tried,  but  these  proved  short-lived.  At  present  the 
wire  is  coated  with  a  porous  covering  which  minimizes  both  defects 
noted. 

An  interesting  inversion  in  the  study  of  the  heater  was  the 
necessity  of  finding  a  supporting  material  that  would  not  conduct 
when  heated.  The  first  heater  supporting  tubes,  etc.,  when  operat- 
ing became  so  conducting  as  to  sparkle  with  tiny  discharges  between 
wire  and  support,  and  to  quickly  destroy  the  former.  Substances 
and  mixtures  are  now  known  which  are  practically  non-conducting 
at  the  highest  temperatures  the  heaters  ever  attain. 

Cut-out. 

The  last  auxiliary  device  to  be  considered  is  the  cut-out  which 
interrupts  the  circuit  through  the  heater  when  its  function  has 
been  performed.  There  have  been  more  different  cut-outs  devised 
and  tried  than  anyone  would  believe  from  an  a  priori  consideration 
of  the  problem.  There  are,  broadly,  two  classes,  thermostatic  and 
magnetic.  The  former  system  is  very  attractive,  especially  when 
operated  by  the  ballast  heat,  and  may  yet  be  made  reliable  and 
sensitive  enough,  but  all  lamps  now  on  the  market  have  magnetic 
cut-outs.  The  American  cut-outs  are  all  made  without  springs, 
the  movable  contact-making  member  being  held  in  contact  by  grav- 
ity and  out  of  contact  magnetically  by  a  coil  in  series  with  the 
glowers.     The  German  lamps  use  a  spring-closed  cut-out,  wliich 
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doubtless  works  well  on  direct  current,  but  which  has  never  proved 
reliable  on  alternating  current,  in  American  experience. 

The  great  difliculty  in  cut-out  design  is  to  devise  one  which  shall 
not  deteriorate  at  the  high  temperature  to  which  all  parts  are 
heated,  wliich  shall  not  hum  on  alternating  current  of  any  usual 
frequency,  and  which  can  be  made  in  quantities  without  individual 
adjustment.  The  nearest  approach  to  a  solution  as  yet  is  to  have 
the  moving  member  act  as  a  pendulum,  both  gravity  and  the  mag- 
netic pull  being  downward,  the  latter  making  only  a  small  angle 
with  the  vertical.  In  this  construction  the  weight  of  the  moving 
member  is  never  lifted  from  the  support. 

The  gravity  cut-out  necessitates  operating  the  lamp  in  a  prede- 
termined position,  and  as  yet  the  pendant  position  is  the  only  one 
provided  for.  The  spring  cut-out  is  advantageous  in  small  lamps 
for  use  in  ordinary  fixtures,  because  these  must  be  of  the  "  Univer- 
sal "'  type,  capable  of  operation  in  any  position. 

A  second  kind  of  cut-out  is  used  in  lamps  which  are  not  readily 
accessible;  its  function  is  to  interrupt  the  heater  current  when 
the  glower  refuses  to  light,  due  to  breakage.  It  is  a  plug  and 
socket  forming  part  of  the  heater  circuit.  Within  the  socket  is 
placed  an  explosive  charge.  The  heater  carrent  in  these  lamps 
exceeds  the  glower  current  and  heats  the  lamp  in  about  five  min- 
utes to  the  firing  temperature  of  the  explosive.  This  blows  out 
the  plug  and  cuts  out  the  heater. 

The  commercial  development  of  the  Nernst  lamp  has  not  yet 
reached  certain  lamp  arrangements  and  tsystems  of  operation  for 
v/hich  the  glower  is  suited.  For  example,  the  ballast  and  cut-out 
may  be  removed  from  the  lamp  structure  and  located  at  a  dis- 
tance. This  leaves  only  the  glower  and  heater  in  the  lamp,  but 
involves  three  terminals  and  a  new  type  of  base  and  socket.  The 
advantages  of  this  system  are  a  smaller  lamp,  which  will  burn  in 
any  position  without  recourse  to  spring  restrained  cut-outs,  and 
the  freeing  of  the  ballast  from  restrictions  as  to  size  and  the  neces- 
sity for  operating  within  a  heated  lamp  housing. 

Tliere  are  the  undeveloped  possibilities  of  the  constant-current 
system,  which  is  particularly  attractive  as  the  ballast  with  its  loss 
of  efficiency  falls  away,  and  the  life  characteristic  of  the  glower 
can  be  more  easily  controlled.  In  fact,  it  is  possible  to  make  a 
constant-current  glower,  which  increases  in  candle-power  and  effi- 
ciency as  it  gets  older,  though  naturally  at  the  expense  of  long  life. 
This  is  probably  an  advantage. 
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Akin  to  the  constant-current  system  is  the  series  constant-poten- 
tial system,  with  or  without  shunt  boxes. 

It  is  crident,  therefore,  that  the  Xernst  system  has  hardly  ap- 
proached its  limits  in  any  direction,  and  that  it  still  presents  a 
field  full  of  fascinating  problems  for  the  chemist,  physicist  and 
engineer,  while  in  its  present  development  it  has  reached  a  stage 
where  it  should  present  no  problem  to  the  station  manager  and  the 
light  consumer. 

Discussion. 

Dr.  Jorge  Newbebt:  I  would  say  that  in  Buenos  Ayres  the  Nernst 
lamp  is  very  extensively  used.  You  cannot  pass  through  a  street  but  you 
will  see  some  Nernst  lamps,  both  direct  current  and  alternating  current. 
They  are  made  in  Germany.  I  may  add  that  the  German  company  has 
entered  into  competition  with  the  gas  company  for  public  lighting  by 
Nernst  lamps. 

Mr.  Robert  Hammond:  What  we  found  is  this  —  that  the  number  of 
hours  of  use  is  not  uniform.  That  has  been  our  greatest  difficulty  up  to 
the  present  time.  Of  course,  for  public  lighting  the  one  necessity  is  that 
at  a  given  time  your  man  in  charge  should  go  down  the  street  and  renew 
or  not  renew.  We  made  a  practical  proof  of  a  number  of  lamps  for  light- 
ing a  number  of  streets  in  a  particular  district  of  London,  and  we  made 
the  most  careful  observations  as  to  the  lives  of  the  lamps.  We  had  one 
lamp  which  died  in  fifteen  hours,  but  his  brother,  the  next  lamp,  lasted 
for  600  hours.  We  renewed  the  fifteen-hour  lamp  and  put  in  his  son,  and 
the  son  lasted  forty-five  hours;  but  the  lamp  on  the  other  side  of  it  went 
on  for  350  hours.  Finally,  the  result  of  six  months  of  this  work 
was  that  we  went  back  to  arc-lamps.  We  feel,  as  far  as  the  results 
of  those  which  went  to  the  age  of  Methusaleh,  that  these  young 
ones  which  went  out  at  the  critical  moment  spoiled  the  whole  thing.  I 
am  sure  it  would  be  very  pleasant  for  us  to  hear  the  experience  in  the 
use  of  these  lamps  for  private  lighting,  because  the  private  lighting 
presents  a  diff'erent  problem  —  you  can  have  a  lamp  go  out  and  renew  it 
in  the  house  at  any  time;  but  for  public  lighting,  you  cannot  afi'ord  to 
have  your  lamps  go  out  at  the  wrong  time.  I  am  sure  we  would  be  glad 
to  get  the  experience  of  our  American  friends  as  to  the  reliability  of  the 
Nernst  lamp  in  its  present  state  of  development  for  public  lighting. 

Mr.  George  Wilkinson:  I  have  not  had  a  very  large  experience  with 
the  Nernst  lamp,  but  it  may  be  of  interest  for  the  gentlemen  present  to 
know  that  recently  I  was  able  to  fix  up  an  arrangement  with  the  German 
company  for  the  supply  of  Nernst  lamps  in  which  they  imdertook  to  re- 
new free  of  charge  any  filaments  or  heaters  which  failed  with  a  less 
average  life  than  450"  hours.  The  guaranteed  life  has  since  been  increased 
from  450  to  600  hours.  My  earl/  experience  with  the  lamps  was  as  dis- 
astrous as  Mr.  Hammond's,  and  I  have  had  as  many  as  three  burners  give 
out  in  twenty-four  hours.  Under  this  agreement  with  the  German  com- 
pany I  am  arranging  to  light  three  streets  experimentally  with  the  Nernst 
lamps,  and  in  order  to  avoid  entire  extinction  of  the  light,  due  to  the 
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failure  of  the  heater  or  glower,  I  am  arranging  to  put  two  lamps  side  by 
side  in  each  street  lantern.  This  forms  a  satisfactory  arrangement,  and 
it  does  not  entail  any  alteration  of  the  existing  gas  standards  or  lanterns, 
and  the  electric  fitting  which  is  put  in  is  simple  and  cheap.  I  am  hoping 
that  the  results  of  this  investigation,  which  we  are  going  to  carry  out 
carefully,  will  demonstrate  that  we  have  a  method  of  street  lighting  with 
Nerast  lamps  which  will  compare  with  our  great  competitor,  the  W'els- 
bach  gas  mantle. 

Mr.  A.  G.  T.  Webb:  The  speakers  have  referred  particularly  to  the 
Nernst  lamp  as  used  for  street  lighting,  but  it  occurs  to  me  that  the 
Xernst  lamp  is  particularly  adapted  for  interior  illumination.  The  one 
feature  to  which  attention  will  have  to  be  given,  in  order  to  better  adapt 
it  for  interior  illumination,  is  the  question  of  the  rapidity  of  lighting.  The 
trouble  which  we  have  found,  tlie  objection  wliich  has  been  stated,  very 
largely,  against  the  Nernst  lamp,  where  used  for  interior  lighting,  is  the 
length  of  time  it  takes  to  bring  the  light  to  full  incandescence.  This  is 
more  particularly  the  case  with  the  type  of  lamp  with  the  horizontal  web, 
the  glower  placed  above  it.  I  think  that  is  an  objection  to  the  use  of  the 
Nernst  lamp  for  the  interior  lighting  of  stores  and  buildings,  owing  to  the 
fact  that  the  light  may  be  required  at  veiy  short  notice,  and  under  these 
conditions  the  Nernst  lamp  is  practically  useless.  The  length  of  time  that 
it  takes  the  lamp  to  come  to  its  full  brilliancy,  especially  with  the  hori- 
zontal glower  tyjje,  appears  to  be  quite  important  to  the  user.  I  have 
made  a  record  of  the  time  it  takes  for  the  lamps  to  get  up  to  full  incan- 
descence, and  it  takes  as  much  as  one  minute  to  a  minute  and  a  half. 
That  seems  to  make  it  quite  prohibitive  for  interior  lighting,  whereas  its 
actual  illuminating  qualities  are  very  desirable  for  such  uses. 

Chairman  Lieb:  In  speaking  of  the  Nernst  lamps,  it  is  of  interest  to 
know  whether  Mr.  Hammond,  in  the  experiences  which  he  gave  us,  re- 
ferred to  the  alternating-current  or  the  direct-current  lamp. 

Mr.  Hammond:     I  referred  to  the  direct-current  lamp. 

Chairman  Lieb:  There  are  practically  no  American  lamps  used  to 
any  extent  on  direct-current  distribution.  The  Nernst  lamps  in  America 
are  confined  practically  to  the  alternating-current  work.  In  that  respect 
American  practice  and  experience  differ  from  English  practice  and  ex- 
perience. 

Mr.  Wilkinson:  Tlie  observations  I  have  made  referred  to  alternating- 
current  supply  at  fifty  periods  per  second  and  200  volts.  There  is  another 
town  with  whicli  I  am  connected,  in  which  Nernst  lamps  are  used  solely 
for  street  ligliting.  There  is  only  one  in  each  lantern,  and  we  have  ob- 
tained very  excellent  results.  I  think  it  is  largely  due  to  the  fact  that  the 
lamps  are  running  on  battery  cuiTent.  The  batteries  are  charged  by  water 
power,  and  at  night  the  whole  of  the  lighting  is  carried  by  the  batteries ; 
under  these  conditions  we  find  the  Nernst  lamps  are  giving  satisfactory 
results,  and  that  the  life  of  a  lamp  averages  about  800  hours. 

Mr.  Lewis  A.  Terven:  You  called  for  remarks  rather  from  people  who 
use  the  lamp  than  the  manufacturers,  and  I  hai)pen  to  be  connected  with 
the  Nernst  lamp,  as  the  head  of  the  engineering  department  of  the  Amer- 
ican Company.     One  gentleman  brought  out   the  erratic  character  of  the 
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life  of  the  glower.  I  find  that  in  the  literature  on  this  subject,  in  Ger- 
n)any  and  in  America,  the  lirst  thing  mentioned  is  the  inconsistency  of  the 
glower,  that  is  to  say,  it  may  last  fifteen  hours,  or  it  may  last  1200  hours. 
Jf  the  glower  has  not  ample  room  for  expansion  on  starting,  it  will 
not  begin  favorably;  but  if  it  survives  the  first  100  hours,  it  is  good 
for  a  life  of  1200  hours  or  more.  It  is  important  to  start  the  lamps 
properly,  and  I  think  a  large  number  of  failures  are  due  to  the  fact  that 
the  people  who  handle  the  Nernst  lamp  do  not  understand  its  peculiarities, 
do  not  know  how  to  allow  for  expansion  and  still  get  the  proper  tension 
on  the  glower.  The  Nernst  lamp  is  a  difficult  proposition,  but  when 
handled  right,  like  the  induction  motor  —  which  we  all  agree  to  be  superior 
to  the  direct-current  motor,  although  more  complicated  in  design  —  it  is 
satisfactory.  It  is  the  same  with  the  Nernst  lamp — •although  it  is  ex- 
tremely complicated,  we  know  it  will  operate  well,  and  when  you  know 
how  to  operate  it  properly,  it  gives  far  better  results  than  the  ordinary 
carbon  lamp.  1  feel  sure  that  the  more  we  know  of  the  Nernst  lamp  the 
more  it  will  be  used.  As  to  the  street-lighting  proposition,  I  know  that 
street  lighting  with  Nernst  lamps  has  been  declared  to  be  a  failure  by 
many,  but  it  has  been  declared  to  be  a 'success  by  a  far  greater  number 
of  those  using  the  system.  The  single-glower  lamps  for  street  lighting 
have  come  into  use,  and  they  are  quite  as  good  as  the  multiple-glower 
systems.  Many  people  have  used  these  single  glower  lamps  to  duplicate 
arcs,  placing  them  on  street  corners.  As  for  the  life  of  the  glowers,  I 
know  that  at  Sewickley,  just  outside  of  Pittsburgh,  they  got  1200  hours 
average  life,  and  had  the  nei-ve  to  complain  when  the  life  fell  down  to 
800  hours.  On  twenty-five  cycles  the  glower  is  not  so  good  as  on  sixty  or 
133  cycles,  for  the  glower  is  liable  to  break  at  the  terminal  bead.  As  to 
the  time  of  lighting,  it  is  usually  given  as  thirty  seconds.  It  rarely  goes 
over  a  minute.  For  store  lighting  the  lamps  are  largely  used  in  the 
evening.  A  man  turns  on  the  switch  when  it  begins  to  get  dusk,  and  in 
my  opinion  the  time  of  lighting  is  not  important,  because  quite  a  number 
of  people  used  to  depend  on  series  arcs  in  front  of  their  establishments, 
and  they  had  to  start  their  lamps  when  the  station  got  ready  to  put 
the  current  on.  We  are  perfectly  willing  to  design  a  lamp  that  when  you 
turn  a  switch,  you  will  secure  light  immediately;  but  the  consensus  of 
opinion,  so  far  as  we  have  been  able  to  obtain  it,  is  that  the  people  do 
not  care  whether  they  get  light  in  one  minute  or  in  two  minutes.  Tliis 
is  a  matter  we  have  taken  up  several  times,  and  we  base  our  designs  on 
the  opinions  of  the  people  who  expressed  themselves  as  not  caring  whether 
the  lamp  lighted  quickly  or  not. 

In  conclusion  I  will  turn  to  one  subject  not  mentioned  in  Mr.  Potter's 
paper,  and  that  is  the  quality  of  selective  radiation  of  heated  bodies.  The 
carbon  filament  has  a  black  surface  and  1  understand  tliat  a  black  surface 
is  the  same  whether  it  be  hot  or  cold.  At  any  rate,  such  a  body  radiates 
mostly  in  the  invisible  spectrum.  The  Nernst  glower  is  supposed  to  be  a 
simple  luminant  without  selective  radiating  capacity,  or  the  radiation 
emitted  at  any  temperature  of  the  glower  is  equal  and  similar  to  that 
emitted  by  an  equivalent  black  body  at  the  same  tem.perature.  Now, 
there  are  quite  a  number  of  substances  which  display  a  marked  selective 
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radiation,  tending  to  dissipate  the  energy  in  the  visible  spectrum.  A 
glower  made  from  such  substances  might  give  a  candle  power  at  1700  de- 
grees C,  equal  to  that  given  by  the  regular  glower  operating  at  2100  de- 
grees C.  I  think  that  this  suggests  one  field  to  enter  —  to  increase  the 
eflSciency  without  increasing  the  temperature  at  which  the  glower  is 
operated.  If  we  run  at  a  higher  temperature  with  our  present  glower 
■while  we  increase  the  efficiency,  we  get  into  certain  glower  troubles  and 
also  parch  up  any  heating  devices  near  the  glower. 

Mr.  Arthur  Williams:  I  think  it  is  unfortunate  that  the  Nernst 
lamp  in  this  country  has  not  been  built  for  direct-current  service.  I  do 
not  think  with  the  lamps  we  have  had  —  with  few  exceptions  of  the  alter- 
nating-current type  —  we  here  know  what  they  really  can  do.  Unques- 
tionably, instantaneous  incandescence  is  an  advantage  for  interior  illumina- 
tion. It  is  not  so  important  for  exterior  lighting,  but  the  desire  to  throw 
on  a  switch  and  produce  light  instantly  is  a  feature  which  is  very  much 
talked  of,  and  that  is  a  feature  which  we  have  in  the  incandescent  service, 
and  it  is  a  disadvantage  in  the  commercial  exterior  use  of  the  Nernst 
lamp.  In  New  York,  in  our  suburban  territory  we  have  300  or  400  Nernst 
lamps  on  alternating-current,  and  we  find  the  average  life  is  approxi- 
mately 400  hours  per  glower,  and  that  the  Nernst  lamp  has  become  a 
very  potent  means  of  competition  with  Kitson  and  other  intense  gas 
burners.  The  small  single  glower  lamp  has  not  fulfilled  our  expectations, 
but  the  three  and  six  glower  lamps  have  given  entire  satisfaction.  That 
kind  of  lighting,  cheap  gas  lighting,  is  usually  of  long  average  use,  and 
where  it  can  be  replaced  with  the  electric  lamp,  you  will  find  a  very  high 
average  return.  That  statement  is  borne  out  in  our  experience  with  the 
Nernst  lamp,  the  extension  in  the  use  of  which  has  been  largely  confined 
to  competition  with  cheap  gas  illuminants  or  oil.  The  average  return  per 
50-watts  standard  is  practically  double  the  average  return  for  the  same 
standard  in  incandescent  or  arc  lighting. 

Chairmai^  Lteb:  The  time  is  rather  short,  and  I  am  afraid  we  will 
have  to  curtail  this  interesting  discussion.  I  will  therefore  close  the  dis- 
cussion and  we  will  proceed  with  the  consideration  of  the  steam  turbine, 
on  which  we  have  three  papers. 

The  name  of  Mr.  VV.  L.  Emmet  is  so  well  known  to  you  all  as  the  engi- 
neer of  the  General  Electric  Company,  who  has  had  upon  his  shoulders 
the  important  responsibility  of  the  commercial  application  and  develop- 
ment of  the  Curtis  steam  turbine,  that  no  intoduction  Of  Mr.  Emmet  ifl 
necessary.     Mr.  Emmet  has  the  floor. 

Mr.  Emmet  then  read  his  paper  on  steam  turbines. 


EFFECT  OF  THE  STEAM  TUEBINE  ON  CENTRAL 
STATION  PEACTICE. 

BY  W.  L.  R.  EMMET. 


Since  there  are  few  completed  steam-turbine  stations  which  can 
be  considered  thoroughly  representative,  and  since  the  turbine  art 
is  new  and  still  in  a  state  of  rapid  development,  it  will  be  best  in 
discussing  the  subject  here  selected  to  deal  with  the  possibilities  of 
the  future,  rather  than  with  results  actually  accomplished.  Deci- 
sions concerning  the  relative  advantages  and  disadvantages  of  tur- 
bines as  compared  with  reciprocating  engines,  and  concerning  the 
methods  by  which  the  best  results  can  be  obtained  from  steam 
turbines,  are  of  very  vital  importance  to  all  engineers  at  present 
engaged  in  new  or  prospective  developments.  When  the  plans  of 
a  station  are  adopted  the  owner  necessarily  commits  himself  to 
many  large  expenditures,  and  all  of  these  expenditures  should  be 
made  to  conform  to  a  system  of  operation  which  is  to  be  followed 
for  a  considerable  period  of  time.  If  central  stations  are  designed 
without  such  definite  plan  they  are  almost  certain  to  involve  a 
waste  of  money  and  to  lead  in  a  short  time  to  new  developments 
and  reorganizations.  There  is  probably  no  department  of  industry 
in  which  foresight  is  more  valuable  than  in  this  matter  of  central 
station  design. 

Since  steam  turbines  differ  from  other  steam  engines  in  many 
important  respects,  it  becomes  necessary  to  make  special  provisions 
for  their  use  if  their  greatest  advantages  are  to  be  made  available. 
It  consequently  becomes  very  important  for  designers  of  power 
plants  to  decide  in  advance  whether  steam  engines  or  steam  turbines 
are  to  be  used,  and  in  deciding  this  question  the  immediate  pros- 
pects of  development  in  steam-turbine  design  should  be  considered 
as  well  as  the  results  which  have  up  to  the  present  time  been  actu- 
ally achieved. 

All  reciprocating  steam  engines  operate  upon  the  same  prin- 
ciple, namely,  the  pressure  of  expanding  steam  upon  pistons.  The 
degrees  of  economy  in  steam  engines  depend  upon  the  perfection 
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of  the  methods  by  which  this  application  is  made.  Improvements 
of  economy  in  steam.-engine  designing  are  effected  by  various  per- 
fections of  arrangements  and  multiplications  of  parts  and  are  lim- 
ited by  considerations  of  mechanical  expediency  of  speed  and  of 
cost.  By  multiplication  of  cylinders  high  degrees  of  expansion 
are  obtained  without  undue  increase  in  cylinder  condensation,  and 
by  special  arrangement  of  valves  clearances  are  reduced  to  a  mini- 
mum, and  a  distribution  of  steam  effort  is  arranged  in  the  most 
advantageous  manner.  The  greatest  restriction  of  possible  econ- 
omy in  the  reciprocating  engine  lies  in  the  limited  range  of  its  ex- 
pansion. As  steam  expands  to  low  pressures  its  volume  naturally 
increases  in  a  rapidly  multiplying  ratio,  and  this  increase  of  volume 
is  so  great  that  it  soon  passes  the  limit  of  capacity  for  which 
cylinders  can  be  profitably  designed.  There  is  thus  a  large  pro- 
portion of  the  available  energy  due  to  expansion  of  the  steam  which 
cannot  be  used  in  reciprocating  engines,  and  which  must  be  lost  in 
the  form  of  heat  in  exhaust  steam. 

I  have  recently  examined  some  tests  of  a  very  modern  and  highly 
efficient  generating  j^lant  with  large  compound  engines,  and  these 
tests  show  that  onh'-  1  per  cent  of  improvement  was  obtainable 
by  increases  of  vacuum  beyond  25  ins.  With  steam  coming  from 
boilers  at  150  lbs.  gauge  pressure,  the  available  energy  per  pound 
expanding  to  a  25-in,  vacuum  is  213,000  foot-lbs.  The  available 
energy  in  expanding  to  a  29-in.  vacuum  is  272,000  foot-lbs.,  so 
that  in  this  case  there  is  27  per  cent  of  the  expansive  force  in  the 
steam  untouched  by  the  engine  under  its  most  favorable  conditions 
of  operation.  This  amount  of  waste  effective  force  is,  however, 
not  all  that  should  be  considered,  since  the  engine  begins  to  be  an 
inefficient  abstractor  of  energy  at  a  much  higher  pressure  than 
that  of  a  25-in.  vacuum.  The  best  engines  open  the  exhaust 
at  a  pressure  of  7  or  8  lbs.  absolute,  and  consequently  lose  a 
large  proportion  of  the  expensive  force  of  steam  below  that  point, 
the  degree  of  vacuum  below  the  point  of  exhaust  only  serving  to 
diminish  the  back  pressure  and  not  implying  an  effective  expan- 
sion to  the  vacuum  point. 

The  steam  turbine  possesses  the  inherent  advantage  that  it  can 
bo  so  designed  as  to  work  effectively  to  very  high  degrees  of  expan- 
sion in  the  steam.  Since  the  steam  in  the  turbine  is  not  confined 
to  chambers  where  it  must  exert  pressure,  it  is  available  for  doing 
work  as  long  as  it  possesses  expansive  force  capable  of  imparting 
an  effective  velocity  to  the  steam  itself.     Steam  turbines  can  thus 
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be  designed  to  work  to  the  highest  degrees  of  vacuum,  and  the 
efficiency  of  action  at  the  extreme  limits  of  expansion  can  be  made 
a?  great  as  that  in  the  initial  processes  where  pressure  is  high. 
Thus  the  steam  turbine  operates  in  a  larger  field  of  theoretical 
possibility  than  does  the  steam  engine,  and  if  in  all  its  processes  it 
can  be  made  equal  to  the  steam  engine  in  efficiency  of  action,  it 
will  give  from  30  to  40  per  cent  more  useful  work  from  a  pound  of 
steam. 

Because  this  theoretical  possibility  exists,  it  must  not  be  assumed 
that  such  a  result  is  easily  obtainable,  and  it  is  probable  that  many 
years  will  elapse  before  any  large  proportion  of  this  theoretical 
possibility  is  realized.  The  best  result  in  steam  economy  which 
has  yet  been  obtained  by  a  steam  turbine  in  practical  operation  has 
been  almost  exactly  equaled  by  highly  improved  modern  recipro- 
cating engines  of  the  same  size  operating  under  similar  conditions. 
It  may,  therefore,  be  said,  speaking  generally,  that  the  steam  tur- 
bine has  up  to  the  present  time  simply  overtaken  the  steam  engine 
in  the  matter  of  steam  economy,  and  that  its  other  advantageous 
features  constitute  the  most  obvious  reasons  for  its  adoption. 
While  in  most  cases  these  other  advantages  amply  justify  th-^ 
installation  of  steam  turbines  rather  than  reciprocating  engines, 
they  should  not  alone  be  considered ;  due  weight  should  be  given  to 
the  great  prospective  value  of  the  steam  turbine  idea,  and  builders 
of  central  stations  should  not  commit  themselves  to  conditions  un- 
favorable to  steam  turbines  in  the  face  of  the  rapid  advances  of 
the  turbine  art  and  the  certainty  of  continually  improving  results. 

While  steam  turbines  have  been  built  and  experimented  with  for 
a  period  of  20  years,  their  development  on  a  large  scale  for  central 
station  use  has  been  confined  to  the  past  four  years,  and  the  advances 
made  within  the  past  two  years  tiave  first  brought  the  steam  tur- 
bine to  the  serious  consideration  of  the  whole  engineering  world. 
The  work  which  has  so  far  been  done  upon  steam  turbines  has  been 
much  restricted  by  manufacturing  considerations  and  by  the  absence 
of  the  most  essential  experimental  data.  The  process  of  experi- 
menting with  steam  turbines  is  peculiarly  difficult  and  their  action 
is  such  that  nothing  but  experimenting  can  bring  about  an  ideal 
system  of  design. 

Many  engineers  may  consider  that  the  part  of  conservative  wis- 
dom is  to  adopt  only  apparatus,  the  usefulness  and  the  reliability 
of  which  has  been  well  established  by  experience.    There  are  many 
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cases,  however,  in  which  such  reasoning  cannot  be  wisely  adopted, 
and  among  these  the  case  of  steam  turbines  is  conspicuous. 

Apart  from  its  possible  efficiency,  the  principal  advantages  of 
the  steam  turbine  are  simplicity,  moderate  cost,  low  cost  of  main- 
tenance, economy  of  space,  economy  in  foundations,  absence  of  oil 
in  condensed  water,  minimum  labor  and  skill  required  in  attend- 
ance, possibility  of  installation  on  any  kind  of  ground  or  on  the 
upper  floors  of  buildings,  perfect  speed  control,  absence  of  pul- 
sations in  speed,  absence  of  expense  for  lubricants,  diminished 
danger  through  possible  destructive  speeds,  and  large  overload 
capacity. 

The  degree  of  these  advantages  is  naturally  hard  to  judge  in  the 
I^resent  state  of  the  turbine  development,  and  is  undoubtedly  very 
different  in  different  turbines  now  operating.  The  most  improved 
turbines  which  have  been  produced  attain  all  of  these  advantages 
in  such  a  degree  as  to  give  heavy  weight  to  the  balance  of  judgment 
as  to  whether  reciprocating  engines  shall  or  shall  not  be  used  in  new 
installations.  In  the  cases  of  certain  large  central  stations  wKich 
have  come  to  my  notice,  the  adoption  of  turbines  has  effected  a 
saving  of  about  5  per  cent  in  the  cost  of  buildings  alone  through 
the  adoption  of  turbines  instead  of  reciprocating  engines  whose 
steam  economy  was  assumed  to  be  the  same.  This  saving  does 
not  include  the  saving  in  foundations  necessary  to  support  the 
engines  themselves,  and  does  not  consider  the  economies  accom- 
plished through  the  fact  that  a  station  for  steam  turbines  can  be 
put  on  almost  any  kind  of  land  without  unreasonable  expense  for 
foundations.  Any  surface  which  will  satisfactorily  support  a  bat- 
tery of  boilers  can  at  trifling  expense  be  made  to  carry  the  steam 
turbine  which  they  will  supply,  whereas  in  the  case  of  reciprocating 
engines  heavy  expenses  for  foundations  are  in  many  cases  necessary. 

Another  of  the  advantages  mentioned  which  is  of  great  practical 
importance  is  the  absence  of  oil  in  condensed  water.  The  con- 
densed steam  from  almost  all  of  the  turbines  which  have  been 
installed  by  the  General  Electric  Company  is  being  returned 
directly  to  boilers,  and  this  reuse  of  condensed  steam  in  many 
cases  efl'ects  a  large  saving  either  in  bills  for  feed  water,  or  in 
the  expense  of  maintenance  and  cleaning  of  boilers.  In  this  con- 
nection it  may  be  desirable  to  consider  the  possible  corrosion  of 
boilers  through  use  of  such  condensed  water.  The  ideas  which 
prevail  upon  this  subject  seem  to  be  various  and  inconsistent.     It 
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is  generally  considered  by  practical  steam  men  that  condensed 
water  causes  rusting  of  boilers,  and  there  is  no  doubt  that  under 
certain  conditions  it  does  so.  The  fact  seems  to  be  that  pure  dis- 
tilled water  with  air  in  solution  attacks  iron  very  rapidly,  and 
that  a  small  percentage  of  impurities  of  certain  kinds  will  neu- 
tralize the  free  oxygen  in  solution  and  prevent  corrosion.  In 
naval  vessels,  where  distilled  water  is  constantly  used  in  boilers, 
injurious  corrosion  is  prevented  or  limited  by  the  use  of  a  certain 
amount  of  fresh  water  obtained  from  shore,  which  I  am  told 
accomplishes  the  desired  purpose.  Eusting  of  boilers  must  come 
from  free  oxygen  in  solution,  and  it  is  certain  that  this  oxygen 
can  easily  be  neutralized  and  that  all  trouble  from  its  presence 
can  be  avoided.  It  is  also  probable  that  there  will  be  no  ap- 
preciable rusting  of  boilers  where  the  conditions  are  such  as  to 
prevent  the  introduction  of  air  with  feed  water.  Where  dry  air 
pumps  with  high  vacuum  are  used  with  surface  condensers  it 
is  probable  that  the  feed  water  will  enter  boilers  almost  entirely 
free  from  oxygen  in  solution,  and  that  no  ru.=ting  will  be  ob- 
served. "While  I  have  heard  many  expressions  of  fear  concerning 
trouble  from  this  cause,  I  have  not  as  yet  heard  of  any  such  trouble 
in  connection  with  a  turbine  installation. 

When  a  consideration  of  the  above-mentioned  conditions  has 
lead  to  the  adoption  of  turbines  in  any  installation,  the  plant 
should  be  so  designed  as  to  accomplish  the  greatest  advantages 
from  their  use,  and  the  matter  of  first  importance  is  to  procure  a 
good  vacuum.  In  steam  turbines  of  the  most  improved  design 
impairment  of  vacuum  through  leakage  of  air  can  be  almost  en- 
tirely prevented.  The  packings,  where  shaft  passes  through  shell 
of  turbine,  can  be  sealed  with  steam  in  such  a  manner  that  leakage 
of  air  is  impossible,  and  all  the  joints  below  the  atmospheric 
pressure  can  easily  be  made  perfectly  tight,  since  their  tempera- 
ture is  not  excessive,  and  since  the  simple  application  of  heavy 
paint  to  the  exterior  will  generally  accomplish  the  purpose  even 
where  joints  are  not  perfectly  made.  In  reciprocating  engines 
the  value  of  high  vacuum  is  not  very  great,  and,  consequently, 
great  efforts  have  not  been  made  to  attain  it.  Considerable  leak- 
ages of  air  occur  at  various  points  about  engines  and  exhaust 
connections,  and  the  designs  of  pumps  and  condensers  used  have 
in  many  cases  not  been  adapted  to  the  production  of  high  vacuum. 
Thus,  engineers  experienced  in  steam-engine  work  have  become 
accustomed  to  degrees  of  vaeumii  which  are  too  low  for  the  best 
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results  with  turbines,  and  such  men  generally  consider  that  the 
production  of  a  vacuum  of  26  ins.  or  27  ins.  shows  a  good  normal 
operating  condition. 

In  the  introduction  of  turbines  the  advantages  of  high  vacuum 
have  been  considered,  and  special  efforts  have  been  made  in 
that  direction.  As  a  result  of  these  efforts  very  high  degrees  of 
vacuum  are  being  continually  maintained  at  present  in  many  tur- 
bine installations.  In  one  installation,  where  sea  water  is  used 
for  cooling,  a  vacuum  within  one-half  pound  of  zero  pressure  is  ob- 
tained. In  another  case  a  vacuum  within  1  lb.  of  zero  is 
being  obtained  with  circulating  water  constantly  above  80°.  In 
another  case  a  corrected  vacuum  of  28  ins.  is  being  almost  con- 
stantly maintained  with  a  cooling  tower  and  wet  air  pump.  In 
the  Chicago  Edison  Company's  installation  a  vacuum  within  0.6 
lbs.  of  zero  pressure  is  being  maintained  with  circulating  water 
from  the  Chicago  river.  These,  and  many  other  cases,  show 
that  high  degrees  of  vacuum  are  commercially  attainable  with 
turbines,  and  the  advantages  of  such  vacuum  should  be  duly  con- 
sidered when  installations  are  designed. 

The  trouble  sometimes  experienced  in  getting  good  vacuum 
with  reciprocating  engines  leads  many  engineers  to  magnify  the 
difficulty  of  this  matter.  Experience  has  proved  that  under  com- 
mon conditions  high  vacuum  need  not  involve  any  great  expense. 
In  a  certain  installation  now  operating  a  turbine  tested  a  few  days 
ago  delivered  1000  horse-power  exhausting  into  a  surface  con- 
denser with  2700  sq.  ft.  of  cooling  surface;  the  temperature  of 
circulating  water  was  78  and  its  volume  was  50  times  that  of 
the  condensed  steam;  the  vacuum  was  27.8  ins.,  the  temperature 
of  condensed  water  being  only  7  deg.  below  the  theoretical  tem- 
perature corresponding  to  the  vacuum  pressure.  While  in  this 
and  other  cases  good  vacuum  is  obtained  with  condensers  of 
moderate  size,  and  a  moderate  supply  of  circulating  water,  it  will 
generally  be  economical  to  use  larger  condensers  with  a  very  ample 
supply  of  circulating  water,  and  very  perfect  air-pumping  facilities. 

In  steam-engine  installations  the  advantages  of  condensation 
are  often  considered  insufficient  to  warrant  the  installation  of 
cooling  towers  where  condensing  water  is  not  available.  The  much 
greater  value  of  vacuum  in  turbines  will,  however,  make  it  worth 
while  to  install  cooling  towers  in  almost  all  such  cases,  even  where 
exhaust  steam  may  be  used  for  heating  during  a  large  part  of  the 
year. 
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Another  matter  of  importance  in  the  design  of  turbine  stations 
is  that  of  superheat.  The  most  improved  and  best  turbines  show 
large  improvements  of  economy  witli  superheating,  and  while  the 
cost  of  producing  superheat  is  a  matter  much  in  dispute,  it  is 
generally  considered  that  superheat  is  advantageous  from  an 
economic  standpoint.  The  most  improved  turbines  are  adapted 
to  use  with  high  degrees  of  superheat,  and  the  use  of  superheat 
with  turbines  is  not  accompanied  by  the  difficulties  or  inconven- 
iences which  may  be  occasioned  in  reciprocating  engines. 

Since,  as  has  been  stated,  the  best  steam  turbines  so  far  de- 
veloped give  degrees  of  economy  about  equal  to  those  of  the  best 
steam  engines,  and  since  the  turbine,  as  explained,  works  in  a  larger 
field  of  available  energy,  it  may  naturally  be  inferred  that  the 
steam  engine  within  its  own  range  of  action  is  more  efficient  than 
the  steam  turbine,  and  this  to  a  certain  extent  is  true.  This  fact 
naturally  suggests  a  combination  which  undoubtedly  has  n  large 
Held  of  application,  namely,  the  use  of  low-pressure  steam  turbines 
taking  exhaust  steam  from  existing  reciprocating  engines.  It  is 
probable  that  such  combinations  will  only  be  a  phase  of  the  steam- 
turbine  development,  since  it  is  highly  probable  that  efficiencies 
as  high  as  the  best  steam-engine  efficiencies  will  soon  be  attained 
by  turbines  under  all  ranges  of  pressure  and  that  it  will  become 
desirable  for  many  economic  reasons  to  discard  reciprocating  en- 
gines altogether. 

The  most  advantageous  conditions  for  the  combined  use  of  re- 
ciprocating engines  and  steam  turbines  will  be  found  in  existing 
>team  plants  where  reciprocating  engines  are  used  to  operate  elec- 
tric generators  separately  or  in  parallel.  In  such  plants  low-pres- 
sure steam  turlnnes  can  be  installed  and  can  be  arranged  to  take 
pteam  directly  from  the  exhatist  pipe  of  engines  without  valves  or 
governing  mechanisms.  The  turbines  would  be  designed  to  give 
■I  very  high  efficiency  with  highly  expanded  steam  and  a  condensing 
plant  should  be  installed  adapted  to  the  highest  degrees  of  vacuum. 
The  low-pressure  valve  stems  and  rod  packings  of  the  engines 
should  be  sealed  with  steam  and  other  provisions  should  be  made 
for  the  exclusion  of  air.  The  steam  turbine  should  operate  a  gen- 
erator adapted  to  connection  in  parallel  with  that  driven  by  the 
engine.  A  turbine  designed  for  operation  under  these  conditions 
would  be  an  ideally  simple  affair  and  its  maintenance  and  care 
would  add  little  or  nothing  to  the  cost  of  station  operation.    There 
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are  many  large  stations  in  which  the  introduction  of  such  turbines 
\vith  proper  condensing  facilities  would  increase  the  output  as 
much  as  30  per  cent  without  any  increase  of  the  fuel  consumption 
or  change  in  the  boiler  plant.  There  are  probably  very  few  sta- 
tions operated  with  reciprocating  engines  where  the  introduction  in 
this  manner  of  properly  designed  turbines  would  not  increase  the 
output  as  much  as  20  per  cent.  In  one  case  recently  considered 
15  per  cent  could  be  added  to  the  output  of  the  station  without 
diminishing  at  all  the  work  now  being  done  by  the  engines ;  that  is, 
such  an  amount  of  work  could  be  obtained  with  degrees  of  vacuum 
pressure  entirely  below  those  from  which  the  engines  are  capable  of 
deriving  any  benefit.  In  such  cases  it  would  generally  be  desirable 
to  so  design  the  turbine  that  under  full-load  conditions  it  would 
take  steam  at  a  pressure  of  about  8  lbs.  absolute,  corresponding 
approximately  to  the  exhaust  point  in  the  low-pressure  cylinder 
of  engine.  The  engine  would  then  handle  all  the  power  which  it 
could  handle  with  maximum  efficiency,  and  its  own  output  would 
be  only  slightly  reduced.  The  turbine  would  handle  the  power  to 
which  the  engine  was  not  well  adapted.  Under  conditions  of  light 
load  some  economy  might  be  effected  by  changing  the  cut-off  con- 
ditions in  the  engine,  but  it  wonld  probably  be  better  to  leave  all 
the  conditions  fixed  and  to  allow  the  pressure  on  turbine  to  vary 
ap  the  load  changed. 

Such  low-pressure  turbines  would  occupy  a  small  space,  and 
there  are  probably  few  existing  engine  plants  in  which  room  could 
not  be  provided  for  their  installation.  The  cost  of  installing 
such  turbines  with  complete  condensing  facilities  should  not 
exceed  $60  per  kilowatt  of  capacity  added  to  the  station.  This 
in  itself  is  a  small  expenditure  for  an  additional  plant,  even  if 
we  do  not  consider  the  fact  that  the  use  of  this  additional  plant 
does  not  call  for  any  increase  in  fuel  consumption  or  in  steam- 
generating  apparatus. 

The  following  table  shows  the  approximate  increase  of  output 
which  can  be  obtained  by  using  a  low-pressure  turbine  with  good 
vacuum  worked  in  series  with  a  good  Corliss  engine,  over  that  which 
could  be  obtained  from  the  engine  alone  when  used  with  the 
best  vacuum.  The  engine  considered  would  consume  with  at- 
mospheric exhaust  18  lbs.  per  ihp,  and  with  a  vacuum  of  27  ins. 
or  better,  12.7  lbs.  per  ihp.      In  the  turbine  an  efficiency  is  assumed, 
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which  is  justified  by  actual  experiments,  and  which  can  easily  be 
obtained  in  a  very  simple  machine  of  the  kind. 

Per    cent,    gain    over    output    of 
Pressure    of    steam    between    en-  engine  when   worked  with   high 

gine   ami    turbine   in    inches   of  vacuum.     The  turbine  exhaust- 

vacuum,  ing  to  a  vacuum  of  28.5  Ins. 

0 26.1 

4 26.5 

8 26.8 

12 26.3 

16 25.3 

20 23.6 

24 20. 

These  figures  show  an  important  possibility  which  should  be  real- 
ized in  many  exciting  plants;  and  they  also  illustrate  forcibly  the 
value  of  good  vacuum  in  turbine  work,  since  it  shows  the  large 
amount  of  work  actually  available  in  these  low-pressure  ranges  by 
the  use  of  turbines. 

Another  application  of  the  steam  turbine,  which  promises  con- 
siderable degrees  of  economy,  is  its  use  as  a  means  of  appl3dng 
the  waste  heat  from  gas-engine  installations.  The  best  gas  engines 
turn  about  20  per  cent  of  the  heat  from  fuel  into  useful  work,  the 
remainder  is  lost  either  in  the  exhaust  gases  or  in  the  heating  of 
water  used  to  jacket  the  cylinders  and  other  parts.  It  should  be 
possible  to  deliver  the  exhaust  gases  through  the  tubes  of  low-pres- 
sure boilers  fed  by  water  which  had  passed  through  the  jackets 
of  engines.  Such  boilers  could  be  maintained  with  a  minimum 
expense,  and  could  deliver  steam  to  simple  low-pressure  turbines 
which,  with  suitable  condensers,  would  deliver  a  very  considerable 
amount  of  power.  With  conservative  assumptions  concerning  the 
efficiency  in  applying  the  heat  to  water,  it  can  be  calculated  that 
30  per  cent  could  be  added  in  this  manner  to  the  power  delivered 
by  gas  engines. 

In  operating  efficiently  at  low  pressures  the  steam  turbine  opens 
a  new  field  of  usefulness  which  has  been  practically  untouched 
by  existing  prime  movers,  and  this  advantage  constitutes  one  of 
the  important  reasons  for  its  existence.  There  is,  however,  an- 
other consideration  which  will  play  a  still  more  important  part 
in  promoting  its  uses.  This  advantage  is  its  simplicity.  Existing 
turbines  in  many  cases  have  given  trouble,  and  an  examination 
of  many  existing  plants  might  show  no  improvement  in  mainte- 


872  EMMET:     STEAM  TURBINE, 

nance  and  attendance  expense,  compared  with  engine  installations. 
Such  a  condition  is,  however,  only  temporary,  and  incident  to 
the  newness  of  the  turbine  work.  Lack  of  experience  in  design- 
ers and  timidity  about  new  apparatus  in  operating  men  have  in 
some  cases  led  to  annoying  difficulties  which  have  caused  expense 
and  interruption  of  service.  There  are,  however,  already  many 
turbines  operating  practically  without  maintenance  expense,  and 
with  extremely  small  labor  or  attendance,  and  the  time  is  rapidly 
approaching  when  the  steam-turbine  installation,  exclusive  of 
the  steam-producing  apparatus,  will  be  as  simple  in  operation  as 
the  simplest  water-wheel  plant.  In  fact  there  are  many  difficul- 
ties in  water-turbine  operation  which  are  absent  in  steam-turbine 
work;  e.  g.,  the  troubles  from  ice  and  foreign  matter  in  water, 
and  difficulties  through  variations  of  head,  and  difficulties  in  gov- 
erning occasioned  by  inertia  of  the  moving  fluid. 

In  Los  Angeles,  Cal.,  a  2000-kw  turbine,  built  by  the  General 
Electric  Company,  is  operated  daily  in  parallel  with  several  water- 
power  plants  situated  at  various  distant  points.  It  is  handled 
exactly  as  the  water  wheels  are  handled,  being  kept  in  parallel 
with  them  under  all  conditions,  and  used  to  supply  power  when- 
ever the  water  wheels  fail  to  produce  it  at*  the  desired  instant. 
This  turbine  is  known  by  the  attendants  as  a  hot-water  wheel,  and 
has  many  advantages  for  this  service  over  reciprocating  engines 
previously  used. 

Chairman  Lies:  We  will  postpone  the  discussion  on  this  paper  until 
we  have  had  the  papers  by  Prof.  Rateau  and  Mr.  Hodgkinson.  I  will  read 
the  Rateau  paper  myself,  with  your  permission,  and  it  will  be  necessary 
to  abstract  it  somewhat,  as  it  is  quite  replete  with  formulae  which  can- 
not be  presented  with  advantage  within  the  short  time  that  we  have 
allotted  for  the  presentation  of  the  paper. 

Mr.  Lieb  read  Professor  Bateau's  paper. 


NOTES  ON  STEAM  TURBINES  WITH  "  FALL  OF 

VELOCITY." 


BY  PROF.  A.  RATEAU,  £cole  Hupcrierure  des  Mines,  Paris, 


Steam  turbines  with  "  fall  of  velocity  "  are  those  in  which  the 
motor  fluid,  discharged  with  a  certain  initial  velocity,  v^,  from  the 
nozzles  of  a  distributor,  acts  several  times  in  succession  upon  the 
moving  blades,  without  sensibly  changing  the  pressure,  in  such  a 
manner  that  its  velocity  is  gradually  dissipated.  These  successive 
passages  through  the  moving  blades  may  be  made  either  in  several 
vrheels  placed  one  after  the  other,  and  forming  what  we  will  call 
a  group  of  wheels,  or  in  a  single  moving  wheel,  as  in  other  systems 
recently  invented.  Between  the  passages  the  flow  of  steam,  which 
escapes  from  the  moving  blades  with  a  certain  residual  velocity, 
passes  through  guide  vanes,  having  for  their  purpose  the  changing 
of  the  direction  of  flow  in  such  a  manner  that  its  direction  will  be 
convenient  for  the  motor  action  upon  the  following  moving  blades. 
These  fixed  intermediate  guide  vanes,  designed  with  semi-circular 
channels  —  or  nearly  semi-circular  —  do  not  act  as  ordinary  dis- 
tributors, since  the  pressure  in  them  does  not  vary.  Their  only 
end  is  to  turn  through  a  curve  of  180  deg.  the  flow  of  the  steam 
from  one  moving  wheel  to  the  following;  their  form  is  identical 
with,  or  at  least  analogous  to,  that  of  the  moving  buckets. 

In  the  theoretical  case  where  all  the  blades  are  semi-circular  and 
where  there  is  no  loss  of  energy  by  friction  or  eddies  in  the  fluid 
vein,  we  see  that  the  flrst  passage  through  the  moving  blades,  travel- 
ing with  a  rim  velocity,  u,  reduces  the  absolute  velocity  of  the 
steam  to  the  value 

Vy=  Vq — 2u . 
A  second  passage  through  the  moving  blades  reduc-es  the  absolute 
velocity  of  the  steam  to 

^2  =  ^1  —  ^u  =  Vo  —  4w- 
If  there  are  n  passages,  it  suffices  then  to  give  to  the  blades  a  rim 

^Telocity   u,   equal   to for   absorbing   completely   the   initial 

[873] 
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energy  of  the  motor  fluid,  from  which  it  follows  immediately  that 
the  velocity  of  rotation  of  the  moving  blades  is  inversely  propor- 
tional to  the  number  of  passages,  a  remarkable  property  which 
would  permit  us  to  make  steam  turbines  of  low  speed  of  rotation, 
if,  for  other  reasons,  this  system  was  not  condemned  by  an  insur- 
mountable difficulty  —  its  poor  economy  —  which  is  what  we  wish 
to  examine  at  the  present  time. 

The  successive  values  of  the  absolute  velocity  of  the  steam  be- 
tween the  different  wheels  of  the  same  group,  or  between  the  suc- 
cessive passages  on  the  same  wheel,  constitute  a  series  Vq,  v^,V2  •  -  •  • 
which  is  really  a  decreasing  arithmetical  progression,  from  which 
comes  the  name  "  fall  of  velocity "  turbines  which  we  will  give 
to  this  system. 

Per  unit  of  mass  of  the  flow  of  steam  passing  through  the  ma- 
chine —  the  energy  of  this  flow  being  proportional  to  the  square 
of  the  velocity  —  the  various  moving  wheels  absorb  successively 
the  quantities  of  energy 

—^ -,  etc.  — -,  etc. 


which  is  expressed  by  the  general  formula 

2u   [t/'o— (2n  — 1)m] 
n  being  the  number  of  the  wheel  in  the  series  considered.     The 
work  done  by  the  different  wheels  decreases  then  in  arithmetical 
progression. 

To  our  knowledge  the  idea  of  turbines  with  "  fall  of  velocity  " 
came  from  M.  Mortier,  who  has  briefly  indicated  the  properties  of 
which  we  speak  in  a  communication  made  the  12th  of  April,  1890, 
before  the  Society  of  Mineral  Industry  at  Saint-Etienne,^  following 
a  communication  from  ourselves  upon  the  Parsons  turbine  in  par- 
ticular and  upon  steam  turbines  in  general. 

But  at  this  time  we  did  not  know  the  experimental  coefficients 
which  would  permit  the  calculation  of  the  losses  in  the  blades;  so 
that  it  was  not  possible  for  us  to  speak  of  the  practical  value  of 
tJie  system. 

Seen  from  the  point  of  view  of  the  method  of  working  of  the 
motor  fluid  in  the  moving  vanes,  these  turbines  with  "  fall   of 

1.  Comptes  Rendns  niensuels  de  la  Socif'te  de  I'lndnstrie  Minerale.  April, 
1890.  Mr.  Mortier  denoted  this  system  as  turbines  with  "  stepped 
velocities." 
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velocity  "  enter  into  the  general  class  of  "  impulse  "  or  action  tur- 
bines, which  includes  equally  the  turbines  that  we  call  "  mulricel- 
lular,"  consisting  of  multiple  moving  wheels  turning  in  cells  placed 
close  together  and  forming  a  series  of  elementary  turbines  in  which 
the  total  fall  of  pressure  takes  place  in  successive  individual  falls 
according  to  the  discharge  sections  of  the  different  distributors. 
Each  elementary  turbine,  composed  of  a  moving  wheel  and  its  dis- 
tributor, gives  rise  in  this  system  to  a  fall  of  pressure  and  the 
velocity,  v^,  of  entrance  of  the  steam  into  the  wheel  is  in  principle 
always  the  same,  at  least  for  wheels  of  the  same  diameter.  We 
propose  in  this  note  to  compare  the  properties  of  the  two  systems, 
the  "  fall  of  velocity,"  and  "  the  fall  of  pressure,"  principally  in 
that  which  concerns  the  economy,  and  to  show  that  the  first  is 
certainly  from  this  point  of  view  very  inferior  to  the  second,  so 
much  so  that  one  might  predict  that  it  could  not  possibly  be 
successful  in  practice  when  account  was  taken  of  these  defects. 

Most  of  the  turbines  with  "  fall  of  velocity  "  which  have  been 
built  are  in  reality  of  a  mixed  nature.  They  are  composed  of  sev- 
eral groups  of  wheels  separated  one  from  the  other  by  diaphragms. 
From  one  group  to  another  there  is  a  fall  of  pressure,  as  in  the 
multicellular  turbines,  while  in  each  group  the  pressure  of  steam 
remains  constant,  except,  to  be  sure,  in  the  distributor  which  pre- 
cedes the  group.  In  certain  of  these  machines  there  arc  two  groups 
only  of  four  rings  of  moving  blades  each,  but  these  must  have 
been  shown  to  be  poor  in  economy,  since  the  machines  made  later 
have  only  three  wheels  per  group;  then  more  recently  two  per 
group.  We  see  then,  in  fact,  that  the  third  ring  must  do  almost  no 
useful  work,  and  that  the  fourth  is  plainly  harmful.  It  acts  rather 
as  a  check  to  the  moving  parts. 

We  will  be  able  to  conclude  from  that  which  follows  what  would 
be  the  end  of  the  evolution  of  the  turbines  with  "  fall  of  velocity ;" 
for  to  lower  the  consumption  of  steam  to  practical  values  with  the 
turbines  with  "  fall  of  velocity  "  it  will  be  necessary  to  abandon 
even  groups  of  two  wheels  and  to  build  them  with  single  wheels 
in  each  cell;  but  then  these  would  be  purely  "multicellular"^  tur- 
bines. 

The  irremediable  inferiority  of  the  turbines  with  "  fall  of 
velocity  "  is  proved  by  the  losses  from  friction  and  eddies  of  the 
fluid  in  the  buckets.  Without  this,  the  economy  would  be  the  same 
in  the  two  cases  and  there  might  not  be  hesitation  in  preferring 
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the  system  of  "  fall  of  velocity  '"  over  the  other,  for  it  is  more 
simple  in  construction  and  permits  of  the  use  of  a  slower  velocity 
of  rotation.  We  have  seen  that  for  a  group  of  w  wheels  replacing 
a  single  wheel  of  the  same  diameter,  the  velocity  of  rotation  is  with 
the  system  of  "  fall  of  velocity  "  reduced  in  the  ratio  of  1  to  1/n 
whilst  that  with  the  system  of  "fall  of  pressure  "  "the  velocity  of 
rotation  is  reduced  only  in  the  ratio  1  to  1/y/n. 

The   Basis   of    Calculations   fok  the   Economy   of   Action 

Turbines, 
The  author  has  shown,  in  a  paper  entitled  "  Elementary  Theories 
of  Steam  Turbines  "  (published  in  the  September  number,  1903, 
of  the  Revue  de  Mecaniqne,  Paris),  the  method  of  calculation 
which  he  employs  for  the  study  of  economy  and  of  which  the 
practical  truth  is  verified  by  the  ven^  satisfactory  accord  between 
its  predictions  and  the  results  of  experiments  with  numerous  tur- 


^  ^   ft 


Fig  1. 

bines,  constructed  according  to  his  system.  It  is  in  the  light  of  this 
method  of  calculation,  applicable  to  all  species  of  action  turbines, 
that  we  will  seek  what  we  might  expect  from  the  species  with 
"  fall  of  velocity."  The  method  is  based  essentially  upon  the  fact 
that  the  losses  of  power  in  a  fixed  or  moving  channel  are  propor- 
tional to  the  square  of  the  relative  velocity  at  the  end  of  the  channel, 
so  that  the  value  of  this  velocity  of  leaving  is  a  constant  fraction  x 
of  the  value  of  the  entrance  velocity  into  the  channel.  If  this  is 
not  rigorously  true,  the  difference  between  it  and  the  truth  is  so 
small  that  it  may  be  neglected  in  the  calculations  necessary  in 
practice. 

In  Fig.  1,  let  ABC  be  the  triangle  of  velocities  at  the  entrance 
of  a  moving  bucket  (of  the  helicoidal  species)  and  ACD  the  tri- 
angle of  velocities  at  the  leaving  of  the  same  bucket. 

AB  is  the  absolute  entrance  velocity  v^  of  the  motor  fluid  ; 

AC  is  the  rim  velocity  v  of  the  buckets,  making  with  A  B  an  ancrle 
«  (in  the  neighborhood  of  20  deg.  in  practice)  determined  by  the 
final  elements  of  the  guide  vanes  of  the  distributor; 
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CB  is  the  relative  velocity  w^  of  the  motor  fluid  in  the  moving 
channel  at  the  entrance  of  this  channel ;  this  relative  velocity  makes 
with  AC  an  angle  which  we  will  call  /3; 

,    CD  is  the  relative  velocity  w^  of  the  fluid  at  the  time  of  leaving 
the  moving  channel. 

Adding  to  this  geometrically  the  rim  velocity  u  =  AC  of  the 
blades,  we  obtain  the  absolute  velocity  v^  (represented  by  AD)  at 
the  time  of  leaving  the  moving  channel. 

CD  makes  with  CA  an  angle  r  (which  in  practice  lies  between 
20  and  30  deg.)  determined  by  the  final  elements  of  the  moving 
blades. 

The  role  of  the  moving  blades  is  to  reduce  the  value  of  the  ab- 
Bolute  velocity  and  to  modify  its  direction,  from  AB  to  AD,  trans- 
forming into  useful  mechanical  work  the  difference  of  the  kinetic 
energies  of  the  motor  fluid,  except  that  which  is  lost  and  trans- 
formed into  heat  by  the  effect  of  shocks,  friction,  and  eddy  currents 
in  the  channels. 

The  principle  of  our  method  of  calculation  consists  in  that  CD 
is  equal  to  ^GB,  X  being  a  fixed  coefficient  depending  upon  the 
the  smoothness  of  the  curve  and  the  construction  of  the  bucket. 

In  practice  this  value  is  in  the  neighborhood  of  .7.  It  may 
fall  to  .6  or  below,  if  the  buckets  are  roughened,  out  of  line,  or 
with  dull  edges,  and  on  the  contrary  it  may  rise  to  .75  perhaps, 
and  even  higher,  when  the  blades  are  very  sharp,  polished,  and 
properly  spaced. 

In  the  following  we  will  make  the  calculations  for  three  values 
of  A=  .7,  .75,  and  .80,  the  last  being  probably  above  the  limit  which 
it  is  possible  to  attain  in  reality.  We  will  designate  by?  the  ratio 
between  the  velocity  u  of  the  moving  blades  and  the  entrance 
velocity  v^  of  the  m^otor  fluid  and  we  will  call  this  ratio  the  co- 
efjicient  of  relative  velocity  of  the  moving  blade. 

This  being  settled,  let  us  commence  by  discussing  the  ideal  case, 
accessible  to  the  algebraic  calculations  where  the  moving  blades  and 
the  intermediate  guide  vanes  are  curved  in  exact  semicircular  arcs, 
in  such  a  fashion  that  the  angles  a,  /9,  and  y  are  equal  to  zero. 

Limit  Case  of  a^  f3  =  r=^0. 

In  the  limit  case  the  triangles  of  velocity  are  completely  flattened 
and  the  velocities  are  added  or  subtracted  arithmetically. 

To  simplify  the  work  we  will  refer  all  the  velocities  to  the 
velocity  Vq  taken  as  unity.  We  will  at  first  take  the  multicellular 
turbine,  then  we  will  make  the  calculations  for  economy  of  the 
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turbine  with  "  fall  of  velocity,"  and  we  will  limit  ourselves  to  the 
most  favorable  case  where  there  are  only  two  passages  for  the 
steam. 


1.  Multicellular  Turbines. 

The  velocity  of  entrance  of  the  steam  being  Vq  =  1,  and  the  rim 
velocity  of  the  blades  being  w  =  ?,  the  relative  velocity  of  the  steam 
at  the  entrance  to  the  moving  channels  is  Wq  =  1  —  ^j  at  the  leav- 
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ing  of  tlie  moving  channel  this  relative  velocity  becomes,  after  our 

method  of  calculation: 

wi  =  Xwo=^{l — S); 
and   the   absolute   velocity   of   leaving,   counted   positively   in   the 

same  sense  as  Vq,  is: 

Vi  =  u--Wi  =  ^-X{l  —  S)  (1) 

This  last  velocity  is  negative  for  values  of  c  =  — ; — r  less  than  one- 
•'  °  1  +  -1 

half,  and  positive  for  values  of  s  greaix^r  than  one-half. 

The  impulse  F  given  to  the  moving  blade  by  a  unit  mass  of  steam 
is  equal  to 

F  =  v-v,={l  +  i.)   (1-c)  (2) 

und  the  useful  work  produced  per  6e<;ond  per  unit  of  mass  is 

r=wi^={l-fX)  ?(1— ?).  (3) 

This  last  is  the  internal  work  done  leaving  out  the  external 
losses  we  will  see  later. 

This  expression  of  work  is  maximum  for  f  =.5,  whatever  may 
be  the  value  of  X  and  the  maximum  divided  by  one-half  the  initial 
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kinetic  energy  of  the  current  of  steam  gives  for  the  maximum 
internal  economy  , 

Pm  =  —^  (*) 

not  taking  account  of  the  losses  in  the  distributor,  which  are  always 
very  low  in  turbines  with  multiple  wheels. 

However  the  preceding  expression  supposes  that  the  velocity 
Wj  at  the  leaving  of  the  wheel  is  not  utilized.  It  is  utilized,  in  fact, 
in  the  multicellular  turbines,  except  for  the  last  wheel,  in  such 
a  manner  that  the  internal  economy  of  these  turbines  is  raised  above 
the  figures  deduced  from  the  preceding  formula.  But  in  order  not 
to  complicate  the  matter  we  will  neglect  that  in  the  present  case. 

We  have  then  for  the  maximum  internal  economy  of  the  multi- 
cellular turbine  "limits"  {a=^l3==  7-^0), in  the  three  hypotheses 
made  with  the  coefficient  X, 

for       X     =.7  .75  .80 

p^     =.85  .875  .9 

and  this  maximum  is  obtained  for  a  coefficient  of  relative  velocity 
?  of  the  blades  equal  to  one-half. 

I  have  already  stated  these  facts  in  my  study  of  the  Pelton  wheel, 
published  in  1898  in  the  Revue  de  Mecanique. 

The  utilization  of  the  residual  velocity  v^  augments  these 
figures  by  a  little  less  than  1  per  cent. 

2.   Turbines  with  "  Fall  of  Velocity." 

Let  us  take  now  the  case  of  a  turbine  with  "  fall  of  velocity  "  with 
two  passages  only,  having  consequently  only  one  series  of  inter- 
mediate guide  vanes.  This  is  the  most  favorable  case  for  this  kind 
of  turbine. 

For  the  first  passage  the  circumstances  are  the ,  same  except 
the  value  of  the  coefficient  C,  as  in  the  preceding  case,  and  the 
velocities  Wq,  w-^,  v^  have  the  same  formulae.  It  is  necessary  for  us 
to  complete  the  calculation  by  giving  the  values  of  the  velocities 
''o'>  *^o^  ^i'>  ^i'>  for  the  second  passage.  Now,  the  fixed  intermediate 
guide  vanes  being  exactly  of  the  same  shape  as  the  moving  blades, 
the  velocity  Vq  at  the  point  of  leaving  these  vanes  is  deduced  from 
the  absolute  velocity  Vj^  at  their  entrance  as  w^  is  deduced  from  w^, 
that  is  to  say 

^   having  the  same  value.     It  is  necessary,  however,  to  change  the 
sign  of  Vi  in  order  to  take  this  positive  velocity  in  a  contrary  sense 

to   Vn 
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Tims  z;/=/2(i  — :)  —  ;.:  (5) 

Wq  w/,  Vj*  are  Reduced  from  v^'  as  w^,  w^,  and  Vi  are  deduced 
from  VqI 

Wo'  =  vo'  —  ^  =  ^.'^  (i  —  :)  —  /.:  —  : 

Wy       =      X    ICg      =    P    (1    :,     __     /?    r    _    /I    c 

v./  being  counted  positively  in  the  same  sense  as  u. 

The  total  impulse  F  of  the  steam  in  the  two  passages  is  for  a 
unit  mass 

F  =  v—v,-{-v,'—v,'=A—B!:  (7) 

^  =   1   4-  /I  +  /2   +p 

^  =  2  +  3/1  +  2/2  +  /13 
The  internal  work  per  second  and  per  ujiit  of  mass  is  expressed  by 

T.=uF=^.{A—Bq.  (8) 

It  is  maximum  for 

e.-5^  (9) 

and  the  maximum  economy  for  this  value  of  ^m  is 

'  _  A^    _ 

P^  2  B  ^  ^m 

These  simple  formulas  give  us  the  following  figures  for  the  three 
values  of  /  already  taken : 

io7  k=    .70  .75  .80 

4  =  2.533  2.732  2.952 

5  =  5.423  5.792  6.192 
$^=  .233  .235  .239 
p^=    .590                    .642  .701 

Thus  the  maximum  internal  economy  takes  place  at  a  value  of  the 
coefficient  c  in  the  neighborhood  of  .235,  and  this  maximum  econ- 
omy is  greatly  inferior  to  that  which  is  obtained  in  the  correspond- 
ing case  with  multicellular  turbines,  the  difference  being  28  to  44 
per  cent  of  the  value  of  the  economy  of  the  turbine  with  "  fall  of 
velocity." 

It  is  to  be  remarked  that  for  the  value  ?„  which  corresponds  to 
the  maximum  in  the  mean  case  where  >^=  .75  : 

l).  Vo 'j  absolute  velocity  at  the  entrance  of  the  second  passage,  is 
equal  to  25.4  per  cent  only  of  the  initial  velocity  v^;  the  relative 
velocities  w^  and  w/  are  only  2  per  cent  of  i\,  whilst  the  residual 
velocity  v'  after  the  second  passage,  directed  in  the  same  sense  as 
the  rim  velocity  of  the  moving  blades,  rises  to  22  per  cent  of  z?,,. 
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2).  It  is  the  first  passage  of  the  steam  which  does  ahiiost  all  the 
work  (Vo  ~  "i  )  j  ^he  second  passage  gives  only  a  very  little 
(y/  —  v^')  ;  only  5  per  cent  of  that  which  the  first  gives. 

We  would  be  able  then  to  suppress  the  second  passage  without 
great  damage,  and  in  fact,  a  multicellular  turbine  having  X  equal 
to  .75,  and  turning  with  a  relative  velocity  C  of  234,  gives  with  the 
formula  (3)  an  internal  economy  equal  to  .63,  nearly  us  high  as 
the  economy  .642  of  the  system  with  "  fall  of  velocit}'/'  and,  more- 
over, this  value  .63  predicates  that  the  residual  velocity  v^,  which 
amounts  here  to  .34,  is  completely  lost.  With  the  multicellular 
system  nearly  all  of  it  would  be  utilized  and  the  internal  economy 
would  be  raised  by  this  fact  to  more  than  7,  supposing  that  60 
per  cent  only  of  the  energy  due  to  the  residual  velocity  .34  is 
utilized  in  the  following  moving  wheels. 

ISTothing  will  show  better  than  this  remark  how  very  illogical  is 
the  system  of  turbines  with  "  fall  of  velocity,"  and  even  then  we 
have  considered  only  the  most  favorable  case,  where  there  are  only 
two  passages. 

Case  of  the  Turbines  with  Groups  of  Four  Wheels. 

Let  us  stop  an  instant  to  consider  the  case  of  the  turbines  biiilt 
with  two  groups  of  four  wheels  and  of  which  some  examples  of 
large  power  have  been  put  in  operation.  The  rim  velocity  u  of  the 
blades  is  about  100  meters  per  second  and  the  velocity  v^  of  the 
entrance  of  the  steam  is  about  850  meters  per  second.  We  have 
then  for  these  turbines  : 

?  =  —  =  .118  about. 
85U 

We  will  calculate  from  this  the  successive  velocities,  in  supposing 

that  the  channels  are  semi-circular  and  that  the  coefficient  /  has 

the  value  .75.     From  that  we  have,  counting  v^  positively  in  the 

inverse  sense  from  v^i 

-n-     ,  \  ■■u)o=     1    —.118  =  0.882 

First  passage       ^  ^^  _  ;.  ,^^  =  0 .  6615 

[vi  =     wi—  .118  =  0.54.35 

(Vo'    =^  Vi  0.4076 

\  Wo'  =     7^/—  .118=    0.2896 

Second  passage  M  ,^^  _  ;  ^^ '  0 .  2172 

[Vi'   =     ?0i'—  .118=    0.0992 

(  v''     =/  y,  '  =    0. 

passage:    -j  ^,r^  _     ,y'^_.n8  =  -0. 
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We  will  get  from  this  for  the  third  passage  a  negative  valne  for 
the  relative  velocity  in  the  moving  wheel  which  signifies  that  the 
wheel  is  doing  work  on  the  steam  in  place  of  receiving  work  from 
it;  in  other  words,  the  third  wheel  of  moving  blades  is  a  brake; 
also  this  is  the  same  with  the  fourth.  The  economy  of  the  machine 
will  be  then  bettered  by  suppressing  half  of  the  moving  wheels  and 
confining  them  to  two  per  group.    The  economy  would  be  then 

2  C  (vo  +  ^1  +  Vo'  +  vi)  =  .484 
The  real  case  a  =  20  deg. ;  ^:^=  30  deg.  In  that  which  precedes 
we  have  taken  the  limit  case  where  a  =  0,  and  r  =0,  in  order  to 
give  simple  formulas.  Practically  the  angles  a  and  r  are  in  the 
neighborhood  of  20  and  30  degs.  respectively,  and  we  must  see  now 
if  these  conclusions  would  need  to  be  modified.  We  will,  however, 
not  establish  formulas ;  that  would  be  much  too  complicated. 

Geometrical  constructions,  such  as  those  which  the  author  has 
shown  in  his  "  Elementary  Theory  of  Steam  Turbines  "  {Revue  de 
Mecanique,  September,  1903),  will  permit  us  to  arrive  easily  at  the 
determination  of  the  various  velocities  and  economies.  Let  us  take 
only  the  results  of  this  determination  in  the  case  corresponding  to 
the  usual  circumstances  of  practice,  where  a  ===  20  deg. ;  y=  30  deg. ; 
and  c  =  0.20  for  the  system  of  turbines  with  "fall  of  velocity,"  with 
groups  of  two  wheels;  and  ^  =0.35  for  the  multicellular  system. 
In  the  latter  we  will  admit  that  there  is  a  utilization  in  the  follow- 
ing wheels  of  two-thirds  of  the  energy  contained  in  the  residual 
velocity  at  the  point  of  leaving  each  of  them. 

The  table  below  groups  these  results  in  the  three  hypotheses: 
A=0.70,  -^  =  0.75,  ;i  =  0.80. 

TURBtN-ES  WITH  ' '  PALI,  OF  VELOCITY."      TURBINES  WITH  "  FALL  OF  PRESSUBE. " 

(f  =  .20)  (2  wheels  per  group).  6  =  .35. 

f-   We  obtain  in  tlie  first  wlieel .    .  494     In  the  wheel 7 

d   Second  wheel 06      §  of  the  residual  energy .06 

"  Total 554  Total 76 

{."-   We  obtain  in  the  first  wheel.    .508     In  the  wheel 721 

d   Second  wheel 091     §  of  the  residual  energy 05 

"  .599  Total 771 

00   We  obtain  in  the  first  wheel.    .52      In  the  wheel 742 

d   Second  wheel   126    §  of  the  residual  energy 041 

"  .646  Total 783 
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We  see  that  the  difference  between  two  kinds  of  turbines  is  still 
large,  although  it  is  not  so  large  as  in  the  first  case.  It  is  interest- 
ing to  take  account  of  the  variation  of  economy  which  comes  with 
a  change  in  the  relative  velocity  6.  In  Fig  2  the  curves  of  economy 
as  a  function  of  ?  are  compared  under  the  preceding  conditions, 
supposing  }.=  0.75,  The  curve  A  is  that  of  the  system  with  "  fall 
of  velocity,"  B  is  that  of  the  multicellular  system.  We  see  that  this 
last  curve  completely  envelopes  the  first,  and  that  it  continues  to 
rise  still  more  beyond  the  value  ^=  0.3,  which  is  the  value  at  which 
the  system  with  "  fall  of  velocity  "  gives  its  maximum. 

From  this  results  that  having  given  turbines  with  "  fall  of  veloc- 
ity'' with  a  group  of  two  wheels,  giving  a  maximum  economy,  we 
may  realize  a  notable  improvement,  other  things  being  equal,  by  dis- 
posing the  two  wheels  of  each  group  in  "  fall  of  pressure  "  (in  place 
of  "  fall  of  velocity"),  by  the  interposition  of  a  diaphragm  and  the 
ordinary  distributor;  and,  further,  the  multicellular  turbine  thus 
obtained  is  not  of  maximum  economy,  but  we  would  be  able  to  in- 
crease this  still  more  by  allowing  the  velocity  of  rotation  to  be  raised 
as  much  as  the  machine  coupled  to  the  turbine  would  permit. 

If  it  is  not  possible  -to  increase  the  number  of  revolutions  per  unit 
of  time,  we  will  have  alwa3''s  the  resource  of  giving  to  *  the  desired 
value  by  adding  new  moving  wheels  which  will  have,  it  is  true,  the 
inconvenience  of  complicating  the  machine  and  of  increasing  the 
initial  cost. 

Upon  the  curve  B  we  must  remark  that  the  internal  economy 
continues  to  increase  beyond  ^  =  0.5.  This  fact  is  due  to  the 
utilization  of  the  residual  velocity. 

Influence  of  External  Losses. 

The  external  losses  from  friction  of  the  moving  wheels  upon 
the  steam  in  the  clearance  spaces  and  of  the  waste  of  the  steam  out- 
side of  the  buckets  are  in  the  turbines  with  "  fall  of  velocity  "  less 
than  in  the  multicellular.  The  friction  is  less  by  reason  that,  on 
one  part,  there  are  fewer  moving  wheels  and  also,  on  the  other  part, 
the  pressure  of  steam  in  the  compartments  where  they  turn  is  lower 
and  the  losses  are  reduced  in  proportion  to  the  pressure  in  the 
compartments. 

But  this  does  not  modify  sensibly  the  ratios  between  the  figures 
established  before,  since  it  is  easy  to  keep  under  6  per  cent  and  even 
to  reduce  to  4  per  cent  the  sum  total  of  the  external  losses  in  the 
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nmlticellular  turbine,  if,  for  example,  we  will  consider  a  machine 
of  this  kind  of  2000  horse-power,  composed  of  25  to  30  moving 
wheels,  and  turning  at  about  1500  r.p.m.,  we  are  able  to  aflfirm 
that  the  friction  of  the  wheels  will  not  exceed  2  per  cent,  and  that 
the  other  losses  will  not  amount  to  over  2  per  cent  more,  making  a 
total  of  4  per  cent.  The  fact  that  the  turbine  with  "  fall  of  veloc- 
ity "  permits  us  to  reduce  these  losses  by  one-half  even  to  one-third 
would  not  make  more  than  2  or  3  per  cent  in  its  favor  which  is  a 
little  thing  beside  20  to  45  per  cent  to  its  detriment  which,  as  we 
have  explained  before,  are  due  to  the  great  losses  by  friction  and 
eddies  in  the  currents  of  steam  traversing  at  a  great  velocity  the 
first  wheel  of  each  group. 

From  all  this  we  reach  the  conclusion  which  we  present  as  the 
result  of  the  study  which  we  have  made  of  the  practical  coefficients 
relating  to  steam  turbines.  The  species  of  turbines  of  action  witli 
'•'  fall  of  velocity,"  very  pleasing  in  theory,  gives  place  in  reality  to 
enormous  losses  of  power,  since  that,  despite  all  the  care  given  to 
the  form  and  the  construction  of  the  blades,  it  is  impossible  to  lower 
Ijelow  a  certain  limit  the  friction  of  the  eddies  of  the  steam  in  the 
moving  blades  and  guide  vanes. 

Chairman  Lteb:  We  will  now  proceed  with  the  reading  of  Mr.  Hodg- 
kinson's  paper  on  "  Steam  Turbine  Performance.''  Mr.  Hodgkinson  repre- 
sents the  Westinghouse  development  of  the  Parsons  steam  turbine.  Mr. 
Calvert  Townley  has  courteously  offered  to  read  Mr.  Hodgkinson's  paper 
and  he  now  has  the  floor. 

Mr.  Towkley:  I  might  say  that  this  paper  is  largely  a  collection  of  a 
number  of  tests  which  have  been  made,  and  while  the  paper  is  not 
printed,  there  is  printed  a  section  of  it  showing  in  graphic  form  the  result 
of  many  of  the^e  tests. 

ill.  Townley  then  abstracted  the  paper. 


SOME  REMARKS  ON  STEAM-TURBINE  PER- 
FORMANCES. 


BY   FRANCIS    HODGKINSON. 


In  June  of  this  year,  I  had  the  honor  of  reading  a  paper  before 
the  American  Society  of  Mechanical  Engineers,  on  the  subject  of 
steam  turbines,  and  therein  endeavored  to  discuss  fully  the  present 
status  of  the  turbine  art,  such  that  for  detailed  descriptions  of 
machines,  etc.,  and  some  theoretical  discussions  on  turbines,  I  feel 
constrained  to  refer  to  this  paper  and  to  briefly  extract  some  of 
its  particulars. 

Authors  on  this  subject  have  devoted  so  much  time  to  the 
history  of  turbines  that  little  remains  to  be  said.  It  is,  however, 
only  since  about  1885  that  any  real  work  has  been  done  in  develop- 
ing the  steam  turbine  to  a  practical  machine. 

A  review  of  the  Patent  Office  records  during  the  early  part  of 
the  last  century  shows  that  many  inventors  of  that  time  had  a 
clear  conception  of  what  constituted  good  turbine  design,  but  it 
may  be  presumed  that  the  mechanical  arts  were  hardly  advanced 
enough  to  construct  the  apparatus  described. 

Popular  magazine  articles  might  lead  one  to  believe  that  in  a 
short  time  the  steam  turbine  will  entirely  displace  the  reciprocat- 
ing engine.  Such  statements  are  based  on  what  the  steam  turbine 
has  accomplished  during  its  20  years  of  life,  as  compared  with  the 
reciprocating  engine's  life  of  200  years. 

It  must,  however,  be  remembered  that  it  is  the  necessities  of  the 
reciprocating  engine  builder  that  have  developed  the  mechanical 
arts  in  all  their  branches  that  has  made  the  construction  of  the 
steam  turbine  possible.  There  is  little  doubt,  however,  that  there  is 
ample  field  for  both  the  reciprocating  engine  and  the  turbine. 

In  the  author's  paper  before  the  American  Society  of  Mechanical 

Engineers,  a  general  discussion  was  made  on  the  construction  of  an 

ide«.l  turbine  element.    The  action  of  steam  in  a  nozzle  and  on  the 

buckets     was  discussed,  and  a  theoretical  design  of  a  nozzle  was 

given,  the  object  of  which  was  to  show  clearly  the  reason  for  the 

divergence. 

[885] 
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Actual  observations  of  the  behavior  of  steam  in  a  nozzle  are 
exceedingly  complex.  All  kinds  of  eddies  and  swirls  take  place 
which  are  confusing.  Dr.  Stodola,  in  his  valuable  work  on  steam 
turbines,  describes  many  observations  of  nozzles.  The  writer's 
work  in  this  direction  leads  him  to  believe  that  it  is  exceedingly 
difficult  to  get  readings  of  pressures  in  the  nozzle  that  could  be 
taken  as  representative  of  the  mean  pressure  at  any  point  of  the 
nozzle  measured  on  its  axis. 

The  turbine  has  many  losses  which,  although  different  from 
those  which  take  place  in  the  reciprocating  engine,  may,  however, 
come  up  to  about  the  same  aggregate.  They  are  —  friction ;  escape 
of  operating  fluid  with  residual  velocity;  leakage;  spilling,  and 
eddies  due  to  badly  formed  passages. 

There  will  be  found  in  the  paper  referred  to  a  brief  description 
of  the  various  turbines  that  have  been  commercially  manufactured, 
and  an  attempt  is  made  to  show  the  advantages  that  are  to  be 
obtained  by  compounding,  so  that  the  total  energy  of  the  steam 
may  be  fractionally  abstracted  by  the  buckets  and  wheels,  these 
buckets  being  at  the  s:;me  time  permitted  to  move  at  a  reasonable 
speed. 

As  is  well  known,  in  the  Westinghouse-Parsons  turbine,  the 
principle  of  compounding  is  carried  out  to  a  greater  extent  than  in 
any  other  form. 

Steam  in  its  passage  from  the  inlet  to  the  exhaust  passes  through 
a  plurality  of  alternate  stationary  and  moving  blades.  The  pressure 
drops  take  place  equally  in  the  moving  and  stationary,  the  areas 
of  course  of  the  passages  increasing  proportionately  to  the  increas- 
ing volume  of  the  operating  steam. 

Steam  expanding  through  stationary  passages  converts  its 
energy  into  velocity  and  does  work  upon  the  moving  buckets. 
Similarly,  in  expanding  through  these,  it  again  attains  velocity  and 
does  work  by  reaction  upon  the  moving  buckets  and  so  the  cycle 
is  repeated  until  the  exhaust  is  reached. 

This  design,  therefore,  permits  low  steam  velocities  which  gen- 
erally approximate  200  ft.  per  second  at  the  high-pressure  parts  of 
the  turbine  and  500  ft.  per  second  at  the  low-pressure  parts. 
These  velocities  are  so  low  that  erosion  of  blades  has  not  been 
encountered. 

Generally  speaking,  the  Westinghouse-Parsons  turbine  is  de- 
signed in  three  barrels.  The  question  is  often  asked,  why  three 
barrels  are  selected?    This  question,  however,  has  no  bearing  what- 
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soever  on  the  steam  distribution  of  the  turbine,  as  expansion  is 
dealt  with  in  proportioning  the  blade  passages.  The  reason  for 
the  selection  is  merely  a  mechanical  one.  The  ideal  steam  dis- 
tribution can  be  obtained  just  as  well  with  one  as  with  several 
diameters. 

It  would  be  found,  however,  that  if  a  single  diameter  were  used 
and  speed  and  diameter  of  drum  were  selected  that  would  permit 
convenient  proportioning  of  blades  at  the  outlet,  the  blades  at  the 
inlet  of  the  turbine  would  become  unmechanically  small;  similarly, 
if  diameters  and  speeds  were  selected  to  suit  the  inlet  blades,  the 
areas  of  the  blades  in  the  last  stages  would  become  unmanageably 
large.  By  varying  the  barrel  diameters  at  several  convenient  points, 
corresponding  variations  may  be  made  in  the  velocity  of  the  steam, 
thus  permitting  blade  designs  of  convenient  proportions  for  both 
extremes. 

In  the  paper  above  referred  to  will  be  found  a  general  descrip- 
tion of  this  machine,  as  well  as  a  longitudinal  section  through  a 
typical  turbine  of  this  type,  which  is  here  reproduced  in  Fig.  1. 

A  facsimile  indicator  card  is  given  showing  the  action  of  the 
puffs  of  steam  in  this  turbine,  which  seems  to  be  conducive  of  some 
gain  in  economy. 

The  design  of  the  governor  is  described,  and  reasons  given 
for  this  type  being  employed.  The  advantages  gained  are  largely 
due  to  the  continual  disturbing  influence  on  the  governor  parts, 
such  that  the  friction  of  rest  does  not  have  to  be  overcome  when 
the  governor  goes  from  one  position  to  another  on  change  of  load. 
Also,  the  admission  valve  which  gives  the  puffs  above  referred  to  is 
continually  in  operation,  such  that  it  never  gets  an  opportunity  to 
become  stuck  fast. 

The  function  of  what  has  been  termed  the  "  secondary  governor 
valve  "  is  described,  the  great  utility  of  which  will  be  seen  later. 

The  question  of  lubrication  is  one  of  paramount  importance  in 
any  machinery,  and  details  of  the  methods  employed  have  been 
discussed. 

With  turbines  of  this  type,  excellent  results  have  been  obtained 
by  flooding  the  bearings  with  oil.  Forced  lubrication  in  the  ordi- 
nary sense  of  the  word  is  never  resorted  to. 

In  some  cases  of  turbines  in  actual  service,  where  records  have 
been  kept,  it  has  been  found  that  the  consumption  of  oil  averages 
one-quarter  gallon  of  engine  oil  per  kw  capacity  per  year.  This 
amount,  however,  seems  somewhat  excessive,  and  the  author  sup- 
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poses  that  a  good  deal  of  this  oil  consumption  is  the  result  of 
spilling  when  removing  the  oil  from  the  machine  for  filtering. 

In  the  paper  referred  to,  much  discussion  was  made  on  the  sub- 
ject of  the  economy  of  the  Westinghouse-Parsons  turbine,  and 
appended  to  the  paper  will  be  found  a  table  showing  the  results 
of  various  tests  under  various  conditions  of  operation.  In  this 
table,  records  of  19  different  individual  machines  appear.  There 
is,  of  course,  much  advantage  in  discussing  the  features  of 
any  type  of  machine,  in  considering  a  large  number  of  tests  on 
different  individual  machines  corroborating  each  other,  over  con- 
sidering one  test  on  one  machine. 

All  turbines  are  thoroughly  tested,  there  being  provided  accom- 
modations on  the  testing  floor  for  10  turbines  of  large  capacity 
at  one  time. 

The  success  of  a  steam  turbine  is  so  closely  allied  to  successful 
condenser  apparatus,  that  it  makes  desirable  some  discussion  on 
the  latter.  Some  layouts  were  made  of  turbine  power  plants  show- 
ing how  condensers  could  be  arranged  without  materially  increas- 
ing the  floor  space  beyond  what  is  actually  required  by  the  turbines 
themselves. 

It  is  strongly  advocated  that  high  vacua  are  not  essential  to  the 
successful  and  economical  performance  of  steam  turbines,  but, 
nevertheless,  the  steam  turbine  is  more  susceptible  of  high  vacuum 
than  the  reciprocating  engine,  because  the  former  is  capable  of 
expanding  down  to  the  lowest  limits  of  condenser  pressure  which 
is  not  practicable  with  reciprocating  engines.  Each  inch  of  vacuum 
above  25  ins.  will  improve  the  economy  of  a  Westinghouse-Parsons 
turbine  from  3  per  cent  to  4  per  cent.  It  has  been  shown  that 
the  capital  investment  involved  by  a  high-vacuum  condenser  over 
one  for  low  vacuum,  is  repaid  by  the  gain  in  economy.  Except  for 
the  greater  quantity  of  cooling  water  to  be  handled,  a  condenser  for 
high,  vacuum  should  require  no  more  power  than  one  for  low 
vacuum. 

Generally  surface  condensers  are  installed  in  connection  with 
steam  turbines  because  by  their  use  perfectly  pure  feed  water  is 
returned  to  the  boilers,  since  the  exhaust  from  the  turbine  is  quite 
uncontaminated  with  oil. 

Since  the  writing  of  the  paper  above  referred  to,  considerable 
progress  has  been  made  in  building  machines,  and  it  is  proposed 
to  give  some  record  of  their  performances. 
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Fig.  2  shows  the  tests  on  a  turbine  of  750-kw  capacity  and  of  the 
type  shown  in  Fig.  1.  This  turbine  was  designed  for  operating 
with  high  vacuum,  nevertheless  tests  were  made  without  vacuum. 
The  best  results  were  attained  under  normal  operating  conditions 
at  about  20  per  cent  overload.  By  means  of  the  secondary  gov- 
ernor valve  before  referred  to  it  was  possible  to  carry  double  load, 
the  steam  consumption  increasing  slightly  as  the  load  became 
higher.     At  double   load,   the   steam   consumption  was   about   11 


j,ooo-5  1,500  :s 

fa  " 

Brake  Horse -Power 


2,500 


Fig.  2. —  Tests  of  750-kw  tuebine  No.  59. 


per  cent  greater  than  at  the  most  economical  load.  This  percent- 
age would  probably  have  been  less  had  the  vacuum  not  fallen  some- 
what, due  to  the  restricted  area  of  the  exhaust  pipe  when  carrying 
such  abnormal  loads. 

The  economy  of  the  same  machine,  tested  without  superheat,  is 
plotted  on  the  same  curve  sheet.  Such  tests,  however,  were  not 
carried  above  normal  full  load.  The  only  reason  this  was  not 
done  was  because  of  the  limited  time  available  for  making  tests  on 
any  one  machine. 
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When  operating  without  vacuum  and  with  100  deg.  superheat, 
it  will  he  ohserved  the  best  result  was  about  23  lbs.  per  brake 
hp-hour. 

Tests  were  run  under  these  conditions  at  very  nearly  50  per 
cent  overload,  when  the  steam  consumption  was  about  23.4  lbs.  per 
brake  hp-hour. 

One  test  was  run  with  neither  vacuum  nor  superheat,  showing 
a  full  load  economy  of  28.2  lbs.  per  brake  hp-hour.  The  average 
readings  of  all  these  tests  are  shown  in  Table  I. 


TABLE  I. — 750-Kw  Turbine  No.  59. 

Operating  with  150-lh.  boiler  pressure,  2i\-in.  vacuum,  and  lOQ-deg. 
superheat,  at  1800  r.m.p. 
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Operating  noiv-condensing  tvith  140-Z&.  boiler  pressure  and  no  super- 
heat, at  1800  r.p.m. 
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Operating  with  150-lb.  boiler  pressure^  28-w.  vacuum,  and  dry,  satu- 
rated steam,  at  ISOO  r.p.m. 
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Operating  non-condensing  with  150-lbs.  boiler  pressure  and  100-deg. 
superheat  at  1800  r.p.m. 
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It  is  possible  that  records  of  tests  on  steam  engines  may  be 
found  that  will  show  in  some  respects  a  higher  economy  than 
here  shown,  but  in  this  series  of  tests  is  demonstrated  the  enormous 
flexibility  of  the  steam  turbine  for  operating  under  all  kinds  of 
conditions,  and  not  under  any  one  of  these  can  the  performance  be 
said  to  be  bad.  There  is  a  great  flexibility  of  overload,  surely 
enough  to  satisfy  the  most  exacting  demands  of  street  railroad 
work. 

It,  of  course,  must  be  understood  that  no  adjustments  are  neces- 
sary to  permit  the  turbine  to  operate  under  all  these  different 
conditions.  The  secondary  governor  valve  is  entirely  automatic, 
requiring  no  hand  manipulation  whatever. 

In  Fig.  3  are  shown  tests  on  a  similar  machine  operating  with 
150°  Fahr.  superheat  and  both  26-in.  and  28-in.  vacuum.  The 
machine  is  precisely  the  same  as  the  one  above  described,  although 
tests  were  not  made  under  so  many  varjang  conditions,  and  are 
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in  this  respect  not  so  spectacular.  Tlie  details  of  these  tests  are 
given  in  Table  II.  Another  turbine  of  similar  type  gave  the 
results  shown  in  Fig.  4,  which  are  detailed  in  Table  III,  when 


TABLE  II.—  750-KW  Turbine  No.  60. 

Operating  with  150-Z&.  hoiler  pressure,  26-in.  vacuum,  and  150-deg. 
superheat,  at  1800  r.p.m. 
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Operating  with  150-Z&.  toiler  pressure,  28-in.  vacuum,  and  150-deg. 
superheat,  at  1800  r.p.m. 
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TABLE  III.—  1000-KW  Turbine  No.  94. 

Operating  with   150-Z&.   hoiler  pressure,  IQO-deg.  superheat,  and 
28-in.  vacuum,  at  1800  r.p.m. 
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FiQ.  3. —  Economy  test  of  750-kw  turbine  No.  60. 
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Fio.  4. —  Economy  test  of  IOOO-kw  turbine  No.  94. 
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operating  with  28-in.  vacuum  and  100  deg.  superheat.  The  close 
agreement  between  these  tests  and  some  of  those  shown  in  Fig.  1, 
where  the  operating  conditions  were  similar,  bears  testimony  to  the 
general  accuracy  of  the  testing  methods  employed. 

Another  machine  of  the  same  type,  operating  without  superheat 
and  with  26-in.  and  28-in.  vacuum,  gave  the  results  shown  in 
Fiff.  5  and  Table  IV. 


TABLE  IV.—  750-Kw  Turbine  Xo.  95. 

Operating  with  150-Z6.  toiler  pressure,  26-in.  vacuum,  and  dry,  satu- 
rated steam,  at  1890  r.p.m. 
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Operating  with  150-Ib.  boiler  pressure,  28-in  vacuum,  and  dry,  satvr 
rated  steam^  at  1800  r.p.m. 
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TABLE  v.— 400-Kw  Turbine  No.  68. 

Operating  with   150-lh.   boiler  pressure,   100-deg.   superheat,  and 
28-in.  vacuum,  at  3600  r.p.m. 
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Operating  with  150-Z&.  holier  pressure,  28-i/i.  vacuuvi,  and  dry,  satu- 
rated steam,  at  3600  r.p.m. 
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operating  with  28-in.  vacuum,  both  with  100  deg.  superheat  and 
dry  saturated  steam,  and  loads  up  to  100  per  cent  overload.  The 
close  agreement  will  be  noted  between  these  tests  and  those  under 
similar  operating  conditions  on  another  machine  of  the  same  size 
tested  by  Mr.  F.  W.  Dean,  of  the  firm  of  Dean  &  Main,  of  Boston, 
the  results  of  which  have  been  quite  extensively  published. 

The  question  is  frequently  asked,  how  suitable  a  turbine  is  for 
operating  with  vacuum  during  the  summer  months,  but  made  to 
exhaust  against  back  pressure  during  the  winter,  when  the  exhaust 
steam  is  used  for  heating  purposes. 

In  Fig.  7  and  Table  VI  is  shown  the  performance  of  a  turbine 
which  is  expected  to  operate  against  8  1/2  lbs.  per  square  inch  back 
pressure  above  atmosphere,  as  above  described.     During  test,  this 
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Fig.  7. —  Economy  test  of  7o0-kw  iuubine  No.  9G. 

TABLE  VI. —  750-Kw  Turbine  No.  96. 

Operating  with  150-lh.  holier  pressure,  28-i/t.  vacuum,  and  dry,  satu- 
rated steam,  at  1800  r.p.m. 
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turbine  carried  1178  brake  hp  with  9.2  lbs.  per  square  inch  back- 
pressure above  atmosphere.  The  arrangement  of  the  condensers, 
etc.,  in  the  testing-room  precluded  the  measurement  of  the  steam 
consumption  wliile  the  turbine  was  operating  with  such  back  pres- 
sure, but  the  results  of  tests  under  normal  operating  conditions  are 
here  given,  in  order  to  show  that  for  the  sake  of  capacity  with  such 
a  high  back  pressure,  the  economy  of  the  turbine  when  operating 
under  normal  conditions  was  not  sacrificed.  It  will  be  seen  that 
tlie  turbine  is  not  materially  underloaded  when  operating  at  normal 
full  load  with  vacuum. 

During  the  last  few  months,  considerable  progress  has  been  made 
on  turbines  of  5500-kw  capacity,  two  of  wliich  are  at  this  time  of 
writing  undergoing  tests,  with  most  gratifying  results.  Figs.  8 
and  9  show  these  turbines  on  their  foundations. 

In  all  of  the  above  described  tests,  a  water  brake  is  used  for 
absorbing  the  load,  in  lieu  of  the  electric  generator  built  for  use  in 
conjunction  with  the  turbine,  which  much  enhances  the  accuracy  of 
the  tests  and  eliminates  the  uncertainty  of  calibrations  of  electrical 
instruments.  The  brake  also  permits  the  test  to  be  made  more 
expeditiously,  because  of  the  small  delay  necessary  to  adjust  the 
load  between  tests. 

The  above  few  records  of  performances  of  turbines  are  evidence 
of  their  all  'round  economy. 

The  fact  that  36,000-kw  capacity  of  turbines,  the  product  of  one 
builder,  are  at  this  time  of  writing  in  successful  operation,  or  in 
course  of  erection  in  the  field,  is  proof  of  their  operativeness. 

That  power  users  have  confidence  in  their  future  is  shown  by  the 
fact  that  this  one  builder  alone  has  92,000-kw  capacity  in  course 
of  construction,  in  addition  to  those  already  sMpped. 

Discussion. 

CiiATiiMAN  LiKB:  Gentlemen,  these  papers  are  before  you.  Mr.  K. 
Sosnowski,  a  representative  of  the  de  Laval  Steam  Turbine  Company  in 
]'"rancc,  has  made  a  number  of  valuable  contributions  to  the  steam  turbine 
question.  He  has  been  most  particularly  interested  in  the  development 
of  the  de  Laval  type  of  turbine.  We  would  be  glad  to  hear  from  Mr. 
Sosnowski. 

Mr.  K.  Sosnowski:  I  would  like  to  call  your  attention  to  one  of  the 
I)rincipal  advantages  of  the  steam  turbine  with  single  wheels,  and  that 
is  the  constant  consumption  under  variahle  loads,  which  is  very  important. 
If  you  take  the  reciprocating  engine,  the  consumption  varies  very  much 
under     variable     load^.    sometimes     20     per     cent     with     half     load     and 
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sometimes  50  per  cent  with  a  quarter  load.  With  tlie  de  Laval  turbine 
we  have  almost  the  same  consumption  under  all  of  loads.  Another  advan- 
tage is  the  speed  maintenance  under  variable  loads.  The  variation  of 
speed  is  perhaps  2  per  cent  or  3  per  cent,  if  you  pass  from  full  load 
to  no  load.  Mr.  Emmet  spoke  about  the  use  of  low-pressures  turbines  iq 
existing  steam  reciprocating  engines  installations.  I  can  tell  you  that 
there  has  been  such  an  application  in  France  for  two  years,  and  with  good 
results. 

Mr.  Robert  Hammond:     At  what  pressure  of  steam? 

Mr.  iSosNowsKi:  About  two  pounds  pressure.  As  to  maintenance 
expenses,  we  have  now  the  experience  of  twelve  years  with  3000  of  our 
steam  turbines,  and  this  experience  is  that  the  maintenance  expenses  do 
not  amount,  I  think,  to  as  much  as  1  per  cent  of  the  cost  of  the  engine. 
1  would  also  like  to  call  your  attention  to  the  question  of  pri7iciple. 
There  are  only  two  principles  in  steam  turbines  and  there  are  two  great 
systems  of  turbines.  One  is  the  impulse  turbine  or  action  turbine,  the 
first  of  which  was  the  de  Laval  steam  turbine;  and  the  other  is  the  reaction 
turbine.  Personally  I  think  that  the  first,  the  impulse  turbine,  i^  best 
because  it  presents  several  very  important  advantages. 

Col.  R.  E.  B.  Crompton:  I  presume  that  I  am  in  the  same  position  as 
most  of  us  who  have  listened  to  the  papers,  in  that  we  are  learners  of  this 
comparatively  new  subject — the  economical  use  of  steam  turbines.  I 
have  listened  with  the  greatest  interest,  as  I  am  already  using  steam  tur- 
bines and  manufauturing  dynamos  for  them,  and  we  have  orders  on  our 
books  for  large  sets  for  India  and  elsewhere.  I  am  therefore  learning  all 
1  can  on  this  subject,  and  I  have  gathered  much  that  is  useful  from  these 
papers.  There  is  no  doubt  that  the  introduction  of  turbines  has  made 
the  makers  of  the  older  class  of  reciprocating  engines  look  very  closely 
into  the  best  means  of  increasing  their  efficiency.  On  our  side,  Mr.  Par- 
sons has  called  strong  attention  to  the  advantages  of  very  high  vacua, 
and  to  some  extent  of  superheating  the  steam,  but  makers  of  reciprocating 
engines  have  most  to  gain  from  the  introduction  of  high  temperature  of 
superheat.  Much  has  been  done  in  this  direction  during  the  last  year  or 
so;  so  that  although  at  one  time  the  splendid  performance  of  the  Parsons' 
turbine  at  Frankfort  in  Germany  was  equal  to  the  very  best,  and  superior 
to  nine-tenths,  of  the  results  obtained  from  the  reciprocating  engines  at 
present  in  use  in  generating  stations,  yet  by  the  large  introduction  of 
superheat  the  reciprocating  engines  have  equalled,  and  in  some  cases 
surpassed,  the  Frankfort  figures.  This  has  been  greatly  due  to  a  better 
understanding  of  the  functions  of  high  superheat  in  decreasing  steam 
leakages  past  sliding  surfaces,  such  as  those  of  slide  valves,  piston  valves, 
or  past  the  pistons  themselves.  This  leakage  is  to  a  gi'eat  extent  vol- 
umetric, and  is  also  a  function  of  the  pressure.  When  high  superheat  is 
used,  the  pressure  may  be  considerably  reduced  without  affecting  the  dry- 
ness of  the  steam;  at  the  same  time  the  volume  of  the  steam  in  propor- 
tion to  the  thermal  units  contained  in  it  is  largely  increased.  It  tliere- 
fore  follows  that  by  using  high  superheat  in  an  engine  witli  a  Lriven 
leakage,  the  thermal  units  lost  by  tliis  leakage  are  reduced.  To  turn  to 
actual  figures,  I  have  personal   knowledge  that  the  fact  of  increasin-'   the 
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total  Icniperatuic  of  the  stoam  from  400  degrees  F.,  corresponding  to 
saturated  steam  at,  say,  210  lbs.  pressure,  up  to  a  total  temperature  of 
650  degrees  F.  with  a  pressure  of  only  150  lbs.,  has  had  the  eflect  of 
reducing  the  steam  consumption  per  brake  horse-power  from  18  lbs.  down 
to  the  surprisingly  low  figure  of  9  lbs.,  and  this  with  an  engine  having  no 
special  reiinements  of  \alve  gear.  In  order  to  obtain  this  high  superheat, 
it  is  necessary  to  reconsider  the  whole  boiler  question,  that  the  tem- 
perature of  steam  required  may  be  obtained  with  suflieient  regularity. 
If  we  take  these  corrected  figures  for  reciprocating  engines,  and  compare 
with  the  best  figures  for  turbines,  I  think  we  may  summarize  the  results 
by  saving  that  at  present  the  most  refined  turbines  are  using  20  per  cent 
more  steam  than  the  best  reciprocating  engines  using  steam  at  a  total 
temperature  of  GoO  degrees. 

There  is  one  other  suggestion  which  I  have  noticed  in  Mr.  Emmet's 
-excellent  paper,  that  the  ideal  arrangement  to  get  the  highest  thermo- 
dynamic etlieiency  from  fuel  would  be  to  utilize  the  fuel  first  in  an  internal 
combustion  engine,  in  this  Avay  taking  out  the  high  temperature  heat 
units  and  afterward  utilize  the  heat  units  contained  in  its  exhaust  and 
:in  the  cylinder  cooling  water  by  raising  steam  and  using  a  low-pressure 
turbine.  Ihia  combination  has  no  doubt  occurred  to  many  of  us,  including 
myself.  Just  before  I  left  England,  I  was  present  at  the  British  Associa- 
tion meeting  at  Cambridge  when  Dugald  Clerk  read  a  paper  on  his  latest 
developments  of  the  internal  combustion  engine.  He  showed  that  by 
certain  devices  he  was  able  to  raise  the  best  hitherto  recorded  thermo- 
dynamic (efficiency  of  the  internal  combustion  engine  from  28  per  cent  up  to 
31  per  cent.  If  to  this  we  suppose  that  we  might  get  an  additional  8  or  9 
per  cent  from  a  low-pressure  steam-turbine,  we  might  get  a  total  all- 
through  efficiency  of  40  per  cent,  which  would  be  a  very  surprising  result. 
This  would  be  really  equal  to  about  two-thirds  of  a  pound  of  coal  per 
kilowatt-hour. 

Prof.  Fkaxk  Foster:  I  want  to  make  one  remark  as  to  ]Mr.  Emniefs 
jiuggestion  of  using  the  turbines  on  the  low-pressure  side  of  the  recipro- 
cating engine.  This  has  been  suggested  before,  but  I  think  the  situation 
in  which  it  would  be  of  particular  use  is  on  board  ship,  because  there  the 
two  main  points  you  want  are  economy  and  manceuvering  power.  The 
jcciprocating  engine  is  the  more  economical  down  to  the  pressure  of  re- 
lease in  the  low-pressure  cylinder.  The  turbine,  however,  allows  of  the 
complete  expansion  of  the  steam  down  to  condenser  pressure,  and  thus 
jnakes  up  for  its  poorer  economy  before  release.  Hence  the  maximum 
economy  of  steam  can  be  obtained  by  using  a  reciprocating  engine  ex- 
hausting at  rather  less  than  atmospiiejic  pressure  into  a  steam  turbine. 
F'urthermore,  the  reciprocating  engines  can  be  reversed  and  slowed  do^vn 
\iith  perfect  ease,  and  giving  as  they  do  about  two-thirds  of  the  total 
power,  they  give  that  maufruvering  power  which  is  so  necessary  in  ships. 

1  estimate  the  increased  economy  of  such  an  arrangement  at  from  10  to 
15  per  cent. 

Mr.  W.  L.  R.  Emmet:  I  have  not  seen  Mr.  Rateau's  paper,  and  I  am  not 
certain  that  I  fully  .inderstood  everything  tluit  has  been  read  from  it: 
but  I    perceive   that    in   this  paper,  as  in  a    previous   paper   wliicii    he   pre- 
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sented  in  Chicago,  he  endeavors  to  sliow  that  the  type  of  steain  turbine 
with  which  T  have  been  identified  is  not  the  right  thing.  Mr.  Kateau  in 
making  these  arguments  bases  his  ideas  on  certain  niatlieniutieal  deduc- 
tions and  certain  assumptions  of  possible  etiiciency.  A  simple  geometrical 
study  of  the  change  ot  velocity  and  direction  in  steam  in  a  turbine  has, 
of  course,  been  made  by  every  intelligent  person  who  has  attempted  to 
build  steam  turbines.  But  in  building  steam  turbines  we  find  ourselves 
confronted  by  a  great  variety  of  practical  problems  which  are  entirely 
apart  from  these  mathematical  considerations.  The  best  steam  engine.s 
give  an  efficiency  of  possibly  60  per  cent  of  the  total  work  available  in  the 
steam,  and  the  best  steam  turbines  have  given  about  the  same.  Tlius, 
there  is  40  per  cent  untouched,  and  the  reason  why  this  40  per  cent  is 
lost  is  that  the  problem  is  restricted  by  many  practical  considerations. 
A  single  stage  turbine  of  the  type  wliich  Mr.  Rateau  has  advocated  is  in 
itself  a  very  simple  affair.  It  has  been  found  that  a  jet  of  steam  delivered 
to  a  single  row  of  buckets  gives  a  very  high  efficiency.  My  experience  is 
that  without  much  care  as  to  the  arrangement  of  the  nozzle  and  the 
bucket  an  efficiency  of  90  per  cent  or  more  can  be  obtained  from  such  a 
combination;  that  is,  90  per  cent  of  the  energy  can  be  theoretically  ob- 
tained with  the  velocities  used  and  that  holds  over  a  wide  range  of  con- 
ditions. When,  however,  we  come  to  design  turbines  of  desirable  speeds 
and  adapt  them  to  the  best  generators,  and  also  adapt  them  to  the  highest 
degrees  of  expansion  of  steam,  and  to  the  use  of  largest  volumes  of 
steam,  we  find  that  this  multi-stage  type  has  many  practical  disadvan- 
tages. Theoretically  it  is  good;  practically  it  is  only  good  to  a  certain 
restricted  extent.  On  the  other  hand,  the  tyjje  of  turbine  which  depends 
for  its  action  on  the  fall  of  velocity,  as  Mr.  Kateau  states  it,  lias  very 
great  practical  advantages,  and  the  scope  of  its  application  is  oni}^ 
limited  by  the  degree  of  efficiency  obtainable  in  the  process  of  what  we 
call  frictional  abstraction.  Water  wheels  or  water  turbines  have  gone 
through  a  long  period  of  development,  and  during  that  period  of  develop- 
ment the  efficiency  of  action  of  the  water  on  the  blades  has  been  immensely 
increased.  Take,  for  example,  the  impulse  water  wheel  of  the  Pelton 
type.  When  they  were  first  made  they  gave  an  efficiency  of  about  .50 
lier  cent.  By  a  careful  study  of  their  action,  efficiencies  above  80  per  cent 
have  been  obtained  simply  by  slight  changes  in  the  shape  of  the  buckets. 
Our  type  of  turbine,  which  diminishes  velocity  by  successive  impacts,  is 
naturally  a  more  complicated  device  than  any  water  wheel  which  depends 
on  the  single  impulse.  It  is  also  a  much  more  complicated  problem  than 
any  single  bucket  steam  turbine.  Consequently,  it  is  dependent  upon 
design,  partly  by  mathematical  calculations  as  to  what  its  theoretical 
possibilities  are,  but  more  by  experimental  development.  You  might  as 
well  try  to  apply  mathematics  to  the  curing  of  a  smoky  chimney,  as  to 
establish  this  succession  of  actions  with  accuracy  by  mathematical  in- 
vestigation. Of  course,  eveiy  experiment  extends  our  knowledge  and 
enables  us  to  make  mathematical  deductions  which  may  help  us  to 
another  experiment.  Mr.  Bateau.  I  believe,  stated  that  in  a  four-wheel 
turbine  arrangement,  the  fourth  wlieel  must  necessarily  be  a  loss  and 
that    it    was   admitted    that    even    the   third    wheel    was    disadvantaaeuus. 
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He  is  wroncr  in  this.  Even  with  some  of  the  first  types  experiment (^d  with, 
large  results  were  obtained  with  the  fourth  row  of  buckets,  and  the 
reason  for  abandoning  the  fourth  row  in  certain  cases  have  been  reasons 
of  practical  expediency.  I  am  inclined  to  think  that  a  two-stage  tur- 
bine, with  four  rows  of  buckets  to  a  stage,  can  be  so  designed  as  to  be 
very  efficient,  but  since  there  are  a  great  number  of  variables  in  such  a 
design,  its  development  is  difficult  as  compared  with  that  of  a  two- 
bucket  arrangement,  and  the  two-bucket  arrangement  is  being  pushed 
largely  for  that  reason.  It  is  simpler  to  develop.  It  is  probably  true 
that  in  the  future  development  of  the  turbine  one  set  of  wheels  per 
stage  may  be  used  at  one  pressui'e  and  another  at  another.  There  are 
practical  difficulties  in  the  pressure  diaphragms  and  on  the  spaces  occu- 
pied by  the  diaphragms,  and  the  length  of  shaft  required,  which  make  it 
desirable  to  diminish  the  number  of  stages,  and  this  idea  of  frictional 
obstruction  makes  possible  that  diminution  and  gives  extreme  simplifica- 
tion of  the  turbine. 

I  have  looked  at  some  figures  in  the  table  given  concerning  the  per- 
formance of  the  Westinghouse  turbine,  and  I  see  one  figure  stated  con- 
cerning the  non-condensing  performance  of  this  particular  machine,  with 
saturated  steam,  under  the  conditions  given,  and  note  that  twenty-eight 
pounds  per  brake  horse-power,  is  given  as  the  performance  of  this  ma- 
chine under  these  conditions.  This  performance  corresponds  to  about  forty 
pounds  per  kilowatt-hour  if  that  machine  were  operating  a  good  dynamo. 
Within  a  few  daj's  I  have  operated  two  stages  in  a  machine  exactly 
similar  to  the  one  now  installed  at  the  Exposition,  the  first  two  stages 
with  saturated  steam  down  to  the  atmosphere,  and  the  steam  consump- 
tion is  thirty-seven  pounds  per  kilowatt-hour,  using  less  than  1000  kilo- 
watt output  —  a  2000-kilowatt  machine  being  operated  at  1000  kilowatt 
output.  That  shows  that  with  simply  two  stages  each,  with  two  rows 
of  buckets,  an  extremely  simple  device  niochanically,  a  result  is  given  much 
better  than  that  which  has  been  obtained  by  this  particular  Parsons 
turbine  under  similar  conditions,  it  is  probable  that  this  type  of  turbine 
which  is  now  being  used  with  good  results  will  be  greatly  improved  in 
the  future.  Our  experience  has  shown  immense  improvements  with 
slight  changes  in  the  construction  of  the  buckets.  I  believe  Mr.  Rateau's 
paper  at  the  beginning  stated  he  admitted  that  with  efficient  perform 
ance  that  idea  was  desirable,  although  he  considered  it  from  the  math<> 
matical  and  not  from  the  practical  standpoint.  We  know  its  practical 
usefulness  is  such  as  to  give  it  an  immense  scope  on  the  basis  of  our 
existing  knowledge,  and  there  is  very  great  prospect  of  improvements  in 
the  future. 

Mr.  Calvert  Townlfv:  I  might  add  a  further  word  of  explanation 
in  regard  to  the  table  in  the  paper  t)y  Mr.  Hodgkinson.  That  shows  not 
tests  of  two  turbines  of  different  sizes,  as  might  be  inferred,  but  several 
tests  on  different  turbines  selected  from  about  fifty.  The  various  tables 
v/ill  show  this  when  printed.  I  selected  these  particular  tests  because 
most  of  them  are  at  approximately  full  load  of  the  machines.  The  tests 
tabulated  in  the  paper  range  all  the  way  from  a  very  light  to  very 
heavy  loads.     It  is  iniended  to  show  freely  and  without  reservation  what 
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cconoraies  carefully  made  practifral  tests  have  developed.  I  want  to  call 
attention  to  the  flatness  of  the  water  consumption  cui-\'es.  Considerable 
has  been  said  to-day  about  the  comparative  water  consumption  of  the 
reciprocating  engine  and  the  steam  turbine.  The  reciprocating  engine,  as 
we  all  know,  is  highly  efficient  at  its  best  point  of  economy,  but  falls 
ofT  markedly  for  other  loads.  In  contradistinction  to  this  you  will  note 
that  the  steam  turbine  tests  show  it  to  maintain  almost  a  constant 
economy  from  half  normal  rating  up  to  50  per  cent  overlpad,  there  being 
a  dillerence  only  of  about  one  pound  of  water  over  this  wide  range.  In 
comparing  the  efficiencies  of  the  Parsons  turbine  and  of  reciprocating 
engines  this  fact  becomes  very  important  because  it  is  only  a  favored 
few  who  can  always  operate  reciprocating  engines  exactly  at  their  most 
economical  points.  I  will  not  undertake  to  go  into  a  theoretical  discus- 
sion of  the  design  of  the  turbine. 

Col.  R.  E.  B.  Crompton:  The  third  and  fourth  figures  apparently 
are  not  of  the  same  turbines.  Is  it  actually  the  case,  with  the  increase 
of  superheat  from  ninety-nine  degrees  to  152  degrees,  you  get  20  per  cent 
reduction  in  the  consumption  of  steam? 

Mr.  TowNLEY:  These  two  tests  were  made  on  turbines  of  the  same 
size,  and  presumably  they  are  close  duplicates  of  each  other,  as  they 
would  be  in  manufacturing  two  machines  of  the  same  pattern  in  the  same 
factory.  I  think  it  is  a  fair  assumption  that  the  changes  indicated  are 
accomplished  by  the  addition  of  superheat. 

Chairiian  Lieb:  We  will  now  consider  the  discussion  on  this  group 
of  papers  closed.  We  have  two  papers  on  electricity  supply  meters,  one 
by  Mr.  Caryl  D.  Haskins  on  "  Integrating  Meters,"  and  the  other  by 
Mr,  G.  Ross  Green,  on  "'  American  Meter  Practice."  These  papers  are 
both  in  print,  and  with  the  approval  of  the  Section  I  will  consider  tlie 
paper  of  Mr.  Haskins  as  read  by  title.  The  paper  is  an  investigation  of 
the  numerous  groups  into  which  the  different  commercial  forms  of  meters 
are  divided. 


A  STUDY  OF  IXTEGRATING  ELECTRIC  METERS. 


BY  CARYL  DAVl^  tL^SKINS. 


There  is  probably  no  appliance  extensively  used  in  the  electrical 
industry,  which  can  be  successfully  constructed,  with  reasonable  ac- 
curacy, along  lines  based  upon  so  large  a  number  of  fundamentally 
different  physical  principles,  as  the  integrating  meter. 

The  engineer  who  places  before  himself  the  broad  proljlem  of 
designing  a  device  which  shall  leave  a  permanent  record  of  the  totai 
number  of  units  which  have  passed  through  it  during  a  given  time 
is  free  to  avail  himself  of  a  very  large  number  of  starting  points. 

It  is  my  purpose  to  make  of  record  in  this  paper,  as  many  of  thesp 
starting  points  as  have  up  to  the  present  time  been  shown  to  be 
worthy  of  development  into  an  integrating  meter.  It  is  also  my 
purpose  to  so  classify  these  various  fundamentals  as  to  place  the 
ontire  list  before  you  in  a  defined  and  tabulated  form. 

We  may  divide  the  integrating  meter  art  into  18  genera,  all  of 
which  may  be  classified  as  coming  within  six  family  groups,  namely  : 

Family  1.  Electrolytic  Meters. —  Devices  dependent  upon  electro- 
decomposition  or  electrodeposit,  varying  with  the  current,  and  leav- 
ing a  permanent  record  of  the  total  number  of  units  passed. 

Family  2.  Thermal  Meters. —  Devices  which  utilize  the  variations 
of  heat,  corresponding  with  variations  of  current,  in  such  a  man- 
ner as  to  leave  a  permanent  record  of  the  number  of  units  which 
have  passed  during  a  period  of  use. 

Fainily  3.  Clocl:  Meters. —  Meters  consisting  of  a  clock  or  time 
piece,  wound  either  by  hand  or  electrically,  with  an  escapement  so 
constructed  as  to  vary  the  speed  of  the  clock,  or  to  vary  the  speed 
of  one  clock  in  relation  to  a  second  clock. 

Family  4.  BeXay  or  Controlled  Meters. —  Devices  combining  a 
constnnt  speed  mechanism  with  a  governing  meclianism  which  may 
consifft  of  any  form  of  indicating  instrument,  the  indicating  or 
actual  measuring  portion  of  the  device  determining  the  number  of 
revolutions  made  in  a  given  period  by  the  actuating  mechanism 
which  does  the  mechanical  work. 
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Family  5.  Variable  Transmission  Meters. —  Devices  cousisting  of 
a  constant  speed  mechanism,  either  clock  or  motor,  with  a  trans- 
mission mechanism  varying  the  ratio  of  motion  between  the  constant 
speed  mechanism  and  the  recording  mechanism. 

Family  6.  Elecirodynamic  Meters. —  Motors  of  various  forms, 
designed  to  vary  in  speed  in  accordance  with  changes  in  the  rate 
of  delivery  of  energy  through  their  windings. 

It  will,  I  believe,  be  found  that  substantially  all  of  the  integrat- 
ing meters  which  have  been,  or  are  likely  to  be,  devised,  fall  vsdthin 
one  of  these  large  groups. 

In  the  early  days  of  the  art  records  were  rendered  generally  in 
amp-hours;  today,  in  America  at  least,  the  watt-hour  is  almost  ex- 
clusively the  unit  of  record. 

Meters  have  from  time  to  time  been  constructed  to  record  volt- 
hours,  but  their  applications  are  rare,  and  the  demand  for  such 
structures  has  always  been  limited,  and  has  substantially  disap- 
peared with  the  adoption  of  the  watt-hour. 

The  very  earliest  efforts  in  meter  design  were  naturally  directed 
toward  the  field  of  electrol}i;ic  meters,  the  use  of  electrolysis  being 
the  most  obvious  and  direct  means  of  making  a  proportionate  record 
of  the  amount  of  current  passing  through  a  given  conductor. 

It  would,  therefore,  seem  appropriate  to  place  the  electrolytic 
family  first  in  the  list,  and  to  consider  its  various  genera  before 
]>assing  on  to  the  more  important  groups. 

In  the  electrolytic  group  we  find  but  two  well-defined  genera,  but 
the  variety  of  devices  coming  within  the  scope  of  each  of  these  two 
genera  is  very  great,  and  the  variations  are  so  considerable  as  to 
present  the  most  radical  structural  differences. 

Electrolytic  Meters. 

lA.  Meters  dependent  upon  the  electrodeposition  of  metal  from  one 
mass  to  a  second  mass. 

In  certain  forms  zinc  or  copper  is  deposited  from  one  electrode 
to  a  second  electrode,  the  loss  in  weight  of  the  first  electrode,  or  the 
gain  in  weight  of  the  second  electrode,  or  both,  being  utilized  to 
determine  the  amount  of  current  which  has  passed. 

Mechanical  features  have  been  associated  with  this  principle  to 
secure  a  direct  reading  record,  as,  for  example,  one  of  the  electrodes 
or  both  electrodes  have  been  suspended  from  a  spring  balance,  the 
change  in  weight  being  progressively  indicated  thereon. 
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The  two  electrodes  have  been  so  suspended  as  to  reverse  the  di- 
rection of  the  flow  of  current  by  the  overbalancing  of  the  weight  of 
one  electrode  against  the  other  electrode,  the  two  electrodes  being 
suspended  from  the  opposite  ends  of  a  beam  balance,  or  the  equiva- 
lent, the  number  of  oscillations  on  the  beam  being  counted  by  any 
of  the  well-known  methods. 

The  deposition  of  a  predetermined  weight  of  metal  has  been 
made  to  operate,  wqth  or  without  a  relay,  a  switch  to  automatically 
open  the  service  after  the  passage  of  a  given  niTmbcr  of  units,  this 
particular  form  of  structure  being  applied  to  meters  intended  for 
prepayment  purposes. 

A  highly-modified  form  of  this  class,  dependent  upon  electro - 
deposition,  is  found  in  that  group  which  depends  upon  the  electro- 
deposition  of  mercurj^  the  deposited  metal  dripping  or  falling  away 
from  the  second  electrode  and  forming  a  quantative  measure,  in- 
dicative of  the  number  of  units  passed. 

Various  methods  for  conveniently  measuring  the  quantity  of 
mercury  thrown  over  have  been  resorted  to.  and  it  will  be  sufficient 
to  cite  the  collection  of  this  deposited  mercury  in  a  slender  tube, 
comparable  with  a  thermometer  stem,  to  indicate  a  simple  and 
typical  form. 

It  will  readily  be  seen  that  both  the  mercury  form  of  meter  and 
those  forms  of  electrodeposition  meters  which  deal  with  the  solid 
metals  can  be  so  modified  as  to  result  in  continuous  or  intermittent 
rotation  of  mechanical  parts. 

IB,  Meters  dependent  upon  the  electro  decomposition  of  a  fluid  — 
{water). 

This  principle  has  been  applied  in  two  general  manners  to  con- 
veniently record  the  units  passed.  A  tubular  receptacle  having 
graduations  similar  to  those  of  a  thermometer,  and  with  the  fluid 
contained  therein  standing  at  such  a  height  in  the  receptacle  as 
to  coincide  with  the  zero  mark,  contains,  in  its  lower  portion,  two 
electrodes  through  which  the  current,  or  a  proportionate  part  of 
the  current,  is  conducted,  the  current  passing  from  the  first  to 
the  second  electrode  through  acidulated  water. 

In  this  form  the  amount  of  water  decomposed  is  theoretically  pro- 
portionate to  the  amount  of  current  passing  between  the  two  elec- 
trodes. The  decomposed  water  escapes  as  gas.  and  the  level  of  tho 
water  falls  in  the  tube.    The  difference  bct^A^een  the  initial  condition 
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and  the  condition  at  any  subsequent  tiiuo  may  be  read  from  the 
indications  upon  the  scale,  in  electrical  units. 

The  second  modification  of  this  group  provides  for  the  decoiii|.io- 
sition  of  water,  as  in  the  first  example,  the  resulting  gases  being 
led  away  through  some  form  of  gas  meter,  the  amount  of  gas  meas- 
ured being  accepted  as  a  measure  of  the  water  decomposed  and, 
therefore,  of  the  amount  of  current  passed. 

TiiEKMAL  Meters. 
The  utilization  of  various  uumifestations  due  to  the  heat  result- 
ing from  the  passage  of  electrical  current  has  been  accomplished 
in  a  very  large  number  of  ways  in  the  meter  art.  T  find,  however, 
that  thermal  meters  may  be  brought. within  a  general  classification 
of  three  groups. 

2 A.  Meters  dependent  upon  the  evaporation  of  a  fluid,  which  fluid 
is  subsequently  collected  by  condensation ,  in  a  second  .receptacle. 

This  principle  has  been  presented  in  numerous  physical  shapes. 
A  sealed  receptacle,  for  convenience  commonly  of  glass,  and  con- 
taining a  definite  amount  of  volatile  fluid,  as  for  example,  gasolene 
or  ether,  is  so  arranged  in  relation  to  a  conductor,  that  the  heat  of 
the  conductor  causes  the  fluid  to  volatilize  at  a  rate  varying  with  the 
temperature  of  the  conductor,  and,  therefore,  with  the  current. 

The  conductor  may  be  either  in  the  bulb  and  immersed  in  the 
lluid,  or  external  to  the  bulb,  but  in  close  association  with  it. 

The  gases  of  volatilization  are  led  away  through  a  tube  forming  a 
portion  of  the  envelope,  and  condense  down  into  a  second  receptacle, 
where  the  quantity  of  fluid  thrown  over  may  be  measured  by  means 
of  the  thermometer  stem,  or  other  obvious  structures. 

Devices  of  this  character  have  been  made  to  record  on  a  me- 
chanical counting-train,  in  se\eral  manners,  a  typical  form  pro- 
viding two  glass  bulbs  connected  by  a  tube,  the  entire  envelope 
resembling  a  dumb-bell  in  shape,  and  being  pivoted  at  its  longi- 
tudinal center.  Two  heating  coils  or  elements  are  provided,  one 
in  proximity  to,  or  within,  each  Inilb.  A  transfer  SAvitch  is  so 
combined  with  this  structure  as  to  cause  the  current  to  be  meas- 
ured to  pass  through  the  heating  element  of  that  bulb  which  is 
lowest,  only.  The  lowest  bulb  obviously  contain?  the  greatest 
amount  of  fluid,  its  position  having  been  reached  because  of  the 
weight  of  this  fluid. 
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The  heat  generated  in  the  conductor  in  the  lower  bulb  by  the 
passage  of  current  causes  the  fluid  in  the  lower  bulb  to  volatilize 
and  rise  to  tlie  upper  bulb,  where  it  condenses.  Thus  the  fluid 
from  the  lower  bulb  is  transferred  to  the  upper  bulb,  until  such 
time  as  the  preponderance  of  weight  of  fluid  is  in  tlie  upper  bulb, 
causing  the  beam  to  fall,  the  bulb  and  conductor  which  have  been 
in  operation  being  cut  out  by  the  falling  of  the  beam,  which  also 
throws  the  transfer  switch.     The  process  proceeds  as  before. 

The  frequency  of  the  oscillations  of  the  beam  is  recorded  on  a 
counting-train,  and  accepted  as  a  measure  of  the  current  passing 
through  the  heating  elements. 

It  is  obvious  that  other  structural  modifications  may  be  so  ap- 
plied in  connection  with  this  principle  as  to  result  in  periodic 
mechanical  motion  capable  of  record  on  a  counting-train,  in  numer- 
ous manners. 

A  number  of  bulbs  may  obviously  be  so  arranged  in  combina- 
tion with  a  switch  or  switches,  as  to  cause  continuous  rotation 
of  the  structure. 

2B.  Meters  dependent  upon  the  contraction  and  expansion  of  solids 
to  a  degree,  or  at  a  rate,  dependent  upon  the  heat  produced 
hy  the  current  to  be  measiired. 

The  actuating  element  may  be  a  wire  or  wires,  as  in  thermal  in- 
dicating instruments;  a  thermostat  of  unlike  metals;  a  conductor 
and  non-conductor  having  different  ratios  of  thermal  expansion; 
or  a  tube-like  thermostat  arm,  normally  bent,  containing  a  volatile 
fluid,  and  tending  to  straighten  by  reason  of  the  development  of 
gas  pressure  when  heated. 

The  actual  heating  may  result  from  the  passage  of  current 
through  the  whole  or  a  portion  of  one  of  the  elements,  or  from 
radiated  heat  from  a  fixed  element  in  close  proximity  to  the  mov- 
ing element. 

Devices  of  this  class  have  been  less  common  than  those  of  the 
previous  class,  and  liave  been  used,  for  obvious  reasons,  in  com- 
bination with  transfer  switches,  alternately  throwing  one  of  two 
similar  elements  into,  and  the  other  out  of,  the  circuit  to  be 
measured. 

Genera  A  and  B  of  tlie  tliormal  group  are  best  adapted  to  use 
in  connection  with  a  slumt.  iho  actual  current  omjiloyod  being 
preferably  small,  the  ratio  of  the  utilized  current  to  the  total  cur- 
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rent  being  fixed  by  the  relation  of  tlie  resistance  of  the  shunt  to 
the  measuring  element. 

2C.  Meters  dependent  upon  the  circulation  of  air  caused  hy  the 
heating  of  a  coil  or  rheostat  in  series  with  the  load,  the  volume 
or  the  velocity  of  the  current  of  heated  air  being  measured. 

For  example,  a  fixed  coil  so  proportioned  in  resistance  and 
conductivity  as  to  generate  a  considerable  amount  of  heat  (vary- 
ing with  the  amount  of  load)  is  fixed  at  the  bottom- of  a  chimney- 
like structure  offering  free  admission  of  air  at  its  lower  extrem- 
ity, and  free  egress  of  air  at  its  upper  end.  An  air  vane  or  ane- 
mometer placed  within  this  chimney-like  structure  results  in  rota- 
tion, the  rate  of  which  varies  with  the  velocity  of  the  air  current,  the 
motion  being  transmitted  to  the  counting-train. 

There  are  numerous  modified  structures  which  may  be  applied 
in  the  development  of  this  principle.  In  this  group  the  fixed  coil 
commonly  carries  the  entire  current  of  the  circuit. 

2D.  Meters  dependent  upon  the  production  of  minus  tempera- 
tures, hy  means  of  the  Peltier  phenomena. 

A  Peltier  joint,  for  example,  may  be  inclosed  in  an  envelope 
filled  with  the  gases  of  a  highly-volatile  fluid.  The  maintenance 
of  a  temperature  less  than  that  of  the  surrounding  gases  and  enve- 
lope at  the  Peltier  joint  results  in  condensation  at  that  joint,  and 
a  consequent  fluid  drip,  whose  frequency  is  dependent  upon  the 
degree  of  cold  produced  at  the  joint,  this  cold  being,  through  some 
certain  range,  a  measure  of  the  current  passing. 

Obviously  numerous  mechanical  alternatives  may  be  resorted  to 
to  measure  the  drip  quantatively  or  in  frequency. 

Clock   Meteks. 

3 A.  A  meter  consisting  of  a  time  piece  with  a  movement  of  the 
marine  type,  an  oscillating  armature  and  an  electromagnet  or 
magnets   being  suhstituted  for   the   halance   wheel   and  hair 
spring. 
Obviously  with  this  arrangement  the  variation  in  strength  of 
the  electromagnetic  element  is  equivalent  to   the  lengthening  or 
shortening  of  the  spring   (restraining  force)   controlling  the  bal- 
ance  wheel,   and.   therefore,   controlling  the   speed   of  the  clock. 
This  speed  may  be  made  to  bear  a  definite  relation  to  the  strength 
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of  the  oloctmniairnots,  and,  therefore,  to  the  current  passing  through 
>ome  range  of  load. 

3B.  A  meter  consisting  of  a  clock,  getieraU;/  of  the  pendulum  type, 
having  a  pendulum  —  carrying  a  soft  iron  armature,  or  a 
permanent  magnet,  or  a  coil — oscillating  in  relation  to  one 
or  more  fixed  coils  or  magnets,  the  restraining  (or,  less  com- 
monly, the  accelerating)  effect  of  the  electromagnetic  element 
governing  the  speed  of  the  clock  in  relation  to  the  amount  of 
current  passing. 

Ordinarily  the  fluctuations  in  the  speed  of  the  measuring  clock 
are  measured  differentially,  the  measuring  or  variable-speed  clock 
being  associated  with  an  ordinary  or  constant-speed  clock.  In  this 
type  the  two  clocks  are  interconnected  by  a  differential  mechan- 
ism, recording  on  a  dial  connected  to  the  differential  train  the 
difference  in  speed  between  the  two  clocks,  that  is  the  variation 
in  speed  of  the  measuring  clock. 

Clocks  are  used  as  constant-speed  motors,  or  intermittent  motors, 
in  numerous  meters  not  falling  within  the  family  of  clock  meters 
as  defined  in  this  paper.  Xotably,  clocks  are  found  in  numerous 
applications,  both  in  connection  with  relay  meters  and  variable 
transmission  meters. 

Relay  or   Controlled   Meters. 

It  seems  impossible  to  subdivide  this  group  into  well-defined 
genera,  and  it  must,  therefore,  be  considered  as  a  family  of  but  a 
single  genus,  which  we  will  define  as  follows: 

4A.  Meters  in  which  a  constant-speed  mechanism  of  considerable 
poiver  is  controlled  in  regard  to  the  number  of  revolutions 
which  it  may  make  in  a  given  time  by  a  balance  actuated  by 
the  current   to  be   measured,  and  required  to  do  very  little 
work  in  controlling  the  actuating  mechanism. 
We  may,  for  example,  have  a  clock,  or  constant-speed  electric- 
motor,  connected  through  a  torsion  spring  of  numerous  turns,  to 
a  structure  similar  to  the  moving  coil  of  a  Siemens'  dynamometer, 
just  as  the  manually-controlled  button   is   connected   through   a 
torsion  spring  to  the  armature  of  the  Siemens'  instruments. 
The  clock  or  motor  is  automatically  started  periodically,  as,  for 
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example,  once  each  minute,  and  continues  to  run  until  the  torsion 
spring  is  wound  to  a  sutlicient  degree  to  restore  the  moving  ele- 
jnent  of  the  dynamometer  to  its  zero  position,  the  motion  of  restora- 
tion being  accompanied  by  the  making  or  breaking  of  a  circuit, 
causing  the  clock  to  stop.  The  number  of  turns  of  the  constant- 
speed  motor  are  a  measure  of  the  torsion  required  on  tlie  spring 
to  restore  the  armature  of  the  measuring  element.  This  restora- 
tion taking  place  at  definite  intervals,  it  is  obvious  that  the  sum  of 
the  revolutions  are  a  measure  of  the  strength  of  the  current  applied 
through  the  dynamometer. 

As  is  perfectly  apparent,  a  structure  of  this  kind  is  capable  of 
almost  innumerable  modifications. 

The  actual  measuring  mechanism  may  be  dependent  upon  any 
of  those  fundamental  principles  which  underlie  indicating  instru- 
ments, and,  therefore,  may  be  thermal,  electrostatic  or  electro- 
dynamic. 

Structures  of  this  character  are  capable  of  great  refinement  and 
have  been  a  field  for  prolific  investigation. 

Variable  Transmission   Meters. 

More  metering  devices  have  probably  been  devised  which  fall 
within  this  class,  than  within  any  other.  The  genera  are  some- 
what ill-defined,  and  tend  to  merge  one  into  another. 

5 A.  Meters  consisting  of  a  constant-speed  mechanism,  driving  a 
wheel  having  spurs  or  teeth  of  different  lengths,  hut  no  two 
of  the  same  length,  and  an  indicating  mechanism  of  any  form, 
so  constructed  and  situated  in  relation  to  the  actuating  wheel 
of  the  constant-speed  mechanism  as  to  cause  a  needle  or  finger 
(the  position  of  which  is  dependent  upon  the  position  of  the 
moving  element  of  the  indicating  mechanism),  to  engage  with 
a  minimum  of  one  and  a  maximum  of  all  the  spurs  or  teeth 
on  the  constant-speed  ivheel. 
The  number  of  contacts  per  revolution  between  the  indicating 
needle  and  the  wheel  are  counted  either  by  mechanical  motion  im- 
posed upon  the  needle  by  the  wheel,  or  by  electrical  "  makes  and 
breaks,"  actuating  a  dial  through  a  relay. 

In  meters  of  this  group  it  is  obvious  that  the  mechanism  can 
record  only  at  a  rate  variable  by  steps,  and  thev  are.  therefore, 
not  b'terallv  integrating  meters. 
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Such  meters  can  record  no  more  than  a  predetcnnined  load,  and 
110  less  than  a  predetermined  load,  imder  any  circumstances. 

If  the  constant-speed  wheel  carries  20  teeth,  no  variation  can  be 
recognized  of  less  than  one-twentieth  of  the  gross  capacity  of 
the  meter. 

It  is  sufficiently  apparent  that  a  structure  of  this  kind  is  capabl  • 
of  almost  infinite  variation,  and  may  be  carried  out  in  mechanical 
structures  bearing  only  the  vaguest  resemblance  one  to  the  other. 

OB.  Meters  in  ivluch  the  ani-pliinde  of  movement  of  a  limb,  or 
'pendulum,  vibrating  at  a  fixed  rate,  is  governed  by  a  stop 
■whose  position  is  determined  by  a  mechanism,  taking  a  posi- 
tion dependent  upon  the  amount  of  current  or  energy  passing 
ihrongh  the  device. 

In  meters  of  this  group  the  measure  of  the  units  delivered  is 
iletermined  by  a  summing  mechanism,  recording  amplitude  multi- 
plied by  the  frequency  of  swing  of  the  finger  or  pendulum, 
frequency  being  constant. 

We  ma}^  for  example,  have  a  clock  with  a  pendulum,  or  vibrating 
linger,  capable  of  moving  through  a  widely  variable  amplitude  of 
swing,  and  stopped  at  each  oscillation  by  an  eccentrically  mounted 
cam,  connected  directly  to  an  indicating  mechanism,  just  as  the 
needle  is  ordinarily  connected  to  such  mechanisms. 

The  amplitude  of  swing  will  obviously  be  greatest  when  the 
vibrating  finger  is  stopped  by  the  cam  on  its  shortest  radius,  which 
is  its  "highest  load"  position,  and  inversely,  the  magnitude  of 
vibration  will  be  least  when  the  finger  or  pendulum  is  stopped  at 
the  longest  radius  of  the  cam,  which  will,  in  such  a  structure,  cor- 
respond to  the  zero  position  of  the  indicating  device,  and  will  re- 
sult in  either  no  vibration  of  the  finger,  or  a  vibration  so  short  as 
to  be  incapable  of  record  through  the  mechanical  contrivance  util- 
ized  for  counting. 

Like  the  previous  group,  meters  of  this  class  have  a  definite  maxi- 
mum limit,  but  not  a  sharply  defined  minimum  limit,  nor  are  meters 
pf  this  group  limited  to  record  by  progressive  steps. 

Innumerable  paths  of  development  may  be  followed  in  apply- 
ing this  general  principle  to  an  integrating  structure. 
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5C.  Meters  consL^tin<j  of  a  coni<tant-speed  mechanism  and  a  count- 
ing mechanism  connected  to  the  constant-speed  mechanism-  only 
through  a  variable  ratio  clutch,  ordinarily  a  friction  clutch. 

It  may  be  well  to  describe  three  forms. 

1)  A  disc  revolving  at  a  fixed  speed  and  driven  by  a  motor  or 
clock,  combined  with  a  light-friction  pulley  free  to  slide  upon,  but 
not  to  revolve  upon,  a  shaft  forming  a  portion  of  the  counting-train, 
the  position  of  this  shaft  and  its  sliding-contact  wheel  being  at  right 
angles  to  the  plane  of,  and  radial  to,  the  constant-speed  disc.  The 
friction  contact  wheel  being  free  to  slide  upon  its  shaft,  it  is  obvi- 
ous that  it  may  be  made  to  rotate  at  a  very  variable  speed,  dependent 
upon  whether  it  be  in  contact  with  approximately  the  center  or 
approximately  the  periphery  of  the  constant-speed  disc.  The  differ- 
ence in  rate  is,  therefore,  determined  by  the  position  of  the  contact 
wheel  upon  its  shaft,  and  this  position  is  governed  by  the  coercive 
force  of  the  indicating  mechanism,  which  may  be  of  any  character. 

3 )  A  cone  or  cones  may  be  utilized.  In  the  case  of  two  cones,  one 
is  revolved  at  a  constant  speed  and  the  second  is  permanently  at- 
tached to  the  counting-train.  The  two  cones  are  so  placed,  one  in 
reference  to  the  other,  as  to  have  their  adjacent  sides  parallel 
throughout. 

In  the  space  between  the  two  cones  is  situated  an  idle  friction 
wheel,  transmitting  motion  from  the  smaller  diameter  of  one  cone 
to  the  larger  diameter  of  the  other,  or  vice  versa,  dependent  upon  its 
position,  the  position  of  the  "  idler  "  pulley  being  determined  by 
the  coercive  force  of  an  indicating  mechanism. 

•3)  A  conical-revolving  element  permanently  attached  to  the 
counting-train  may  be  made  to  rock  in  an  arc  corresponding  with 
the  curvature  of  its  body,  making  contact  with  a  constant-speed  disc 
or  cylinder  at  its  lesser  or  greater  diameter,  dependent  upon  its  posi- 
tion, the  rocking  being  accomplished  by  the  coercive  force  of  an 
indicating  mechanism  of  any  character. 

All  three  of  these  structures  will  be  seen  to  be  modifications 
of  the  same  general  principle,  which,  indeed,  is  capable  of  almost 
infinite  variation. 
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.^D.  Meters  in  which  a  thread  or  ribbon  is  w-ound  onto  a  conical 

drum,  revolving  at  a  constant  speed,  the  portion  of  the  conical 

drum  onto  which  the  thread  is  wound  being  determined  by  a 

guide  through  which  the  thread  passes,  the  position  of  the  guide 

being  fixed  by  the  coercive  force  of  the  indicating  mechanism. 

It  will  be  seen  that  with  ?nch  an  arrangement  the  thread  will  be 

wound   upon  a  greater  or  lesser  diameter  of  the  drum,  and  the 

qnantitv  of  thread  so  wound  during  a  given  period  may  be  utilized 

as  a  measure  of  the  current,  or  the  quantity  may  be  measured 

by  passing  tlie  thread  over  an  idle  pulley  connected  to  the  counting 

mechanism. 

Like  all  of  its  relatives,  such  a  structure  is  merely  typical  of  a 
group,  and  may  be  modified  in  a  very  large  number  of  ways. 

Elkctkodynamic    Meters. 

AAliilst  it  is  not  my  purpose  to  refer  to  any  particular  line  of 
development  in  either  a  critical  or  a  commendatory  manner  within 
ihe  limits  of  this  paper,  it  is  well  that  1  should  record  the  fact 
that  meters  of  this  family  alone  have  today  any  vogue  in  the 
United  States. 

It  is  probable  that  there  are  in  use  in  the  United  States  today 
not  less  than  one  and  a  half  million  (1,500,000)  recording  elec- 
tricity meters,  and  substantially  all  of  these  devices  are  electro- 
dynamic  or  motor  meters. 

I  have  found  it  somewhat  difficult  to  properly  divide  the  meters 
of  this  group  into  appropriate  and  distinctive  genera. 

Electrodynamic  meters  divide  themselves  in  ordinary  discussion 
into  amp-hour  meters  and  watt-hour  meters. 

Most  of  the  amp-hour  meters  would  tend  to  accelerate  at  a  rate 
proportional  to  the  square  of  the  current,  and.  therefore,  require  to 
be  combined  with  a  retarding  element,  restraining  in  proportion 
to  the  square  of  the  velocity,  as  an  air-fan.  There  is  one  highly- 
important  class  which  constitutes  an  exception  to  this  rule. 

Watt-hour  meters,  on  the  other  hand,  generally  would  tend  to 
accelerate  at  a  rate  directly  proportional  to  the  watts,  and.  there- 
fore, require  to  be  comliined  with  a  retarding  element  varying 
dirocflv  as  the  velocity,  as,  for  example,  the  Foucault  disc. 

With  the  advent  of  a  comparatively  large  number  of  standard 
voltages,  the  frc(]urnt  material  variation  of  potential  on  certain 
classes  of  circuits,  and  especially  with  the  advent  of  inductive  loads 
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in  connection  with  alternating-current  service,  the  amp-hour  lias 
substantially  disappeared  from  use  as  the  unit  of  ineasurement  in 
the  United  States,  and  with  it,  of  course,  the  amp-hour  meter  has 
disappeared. 

The  presence  of  inductive  loads  on  substantially  all  alternating- 
current  circuits  has  rendered  it  essential  that  meters  shall  be  liter- 
ally watt-hour  meters,  and  not  volt-amp-hour  meters;  in  other 
words,  they  must  take  no  cognizance  of  idle  current. 

With  these  few  preliminary  statements  I  may  proceed  with  my 
classification. 

6A.  Meters  taking  the  form  of  Barlow-wheel  motor  structures,  in 
which  a  metallic  mass  capable  of  rotation  is  so  situated  between 
the  poles  of  a  permanent  field,  as  to  be  caused  to  rotate  hy  the 
passage  of  current  through  its  mass,  from  center  to  periphery, 
or  the  equivalent. 

The  rotor  commonly  consists  wholly  or  partly  of  mercury.  In  a 
very  simple  form  a  meter  of  this  class  may  consist  of  two  resultant 
poles  brought  into  close  proximity,  with  their  faces  parallel,  the 
space  between  the  polar  surfaces  being  so  inclosed  as  to  constitute  a 
flattened  annular  receptable.  capable  of  holding  mercury,  the  mer- 
cury being  so  confined  as  to  constitute  a  fluid  disc,  and  l)eing  prefer- 
ably insulated  from  the  polar  surfaces. 

The  passage  of  current  from  the  center  of  this  disc-like  mass 
of  mercury  to  a  greater  or  less  proportion  of  its  periphery,  obvi- 
ously causes  the  mercury  to  rotate  in  the  permanent  field  (which 
may  be  created  by  permanent  magnets  or  electromagnets),  the 
speed  of  rotation  being  proportional  to  the  amount  of  current 
passing. 

6B.  Meters  which  may  he  described  as  revolving  D'Arsonval  gal- 
vanometers, consisting  of  a  wound  armature,  having  a  com- 
mutator, and  commonly  a  fixed  core  situated  in  a  permanent 
magnetic  field,  in  such  a  manner  as  to  be  caused  to  rotate  hy 
the  passage  of  current  through  the  windings. 
Current  is  led  to  the  armature  through  the  commutator,  as  in 

an  ordinary  motor,  and  for  structural  reasons,  meters  other  than 

those  of  extremely  small  capacity  are  arranged  with  the  armature 

connected  across  a  shunt  in  series  with  the  load. 
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6C.  Meiers  having  a  wound  field  and  wound  armature,  both  varying 
mih  the  load,  and  both  elect ricalhj  attached  to  the  service  wires. 

In  its  conujioncst  form  this  cla.??  i«  typically  represented  by  a 
meter  having  field  coils  directly  in  series  with  the  load  to  be  meas- 
ured, and  a  wound  armature  connected  across  the  system  (through 
the  brushes  and  comunitator). 

In  such  a  structure  the  strength  of  the  armature  obviously  varies 
Avith  the  potential,  and  the  strength  of  the  field  with  the  current. 
The  torque,  therefore,  varies  M'ith  the  watts.  Such  a  structure,  vary- 
ing in  torque  directly  with  the  watts,  must  be  comljined  with  a 
retarding  force,  varying  directly  with  the  sjjeed.  which  is  accom- 
plished in  a  simple  form  by  the  direct  attachment  of  a  Foucault 
disc  to  the  same  shaft  with  the  wound  armature,  this  Foucault  disc 
revolving  between  the  poles  of  magnets  having  a  permanent  field. 

Within  this  classification  must  oltviously  fall  meters  having 
the  fields  in  shunt  with  the  system,  and  the  armature  in  series 
Avith  the  load,  either  directly  or  through  a  fixed  resistance;  within 
this  classification  would  also  come  meters  having  field  and  arma- 
ture in  series,  but  with  this  latter  arrange]nent  the  law  of  ratio  of 
torque  to  load  would  require  the  application  of  some  form  of  re- 
-straining element  other  than  one  directly  proportional  to  the  speed. 

GD.  Meters  for  tise  on  alternating  or  intermittent  current  only, 
having  a  rotating  armature,  the  current  in  which  is  induced  by 
the  current  in  the  fields. 
Meters  of  this  group  take  three  general  forms. 

1)  A  wound  armature  with  short-circuited  brushes,  the  connec- 
tion between  the  brushes  being  made  through  a  greater  or  less 
resistance. 

2)  A  structure  having  field  coils  in  series  with  the  load,  con- 
stituting a  primary  coil,  a  short-circuited  secondary  coil,  commonly 
of  low  resistance,  and  so  arranged  as  to  have  some  angular  displace- 
ment in  relation  to  the  field  of  the  primary,  and  a  revolving  arma- 
ture consisting  of  a  disc  or  a  number  of  discs  of  metal,  generally 
magnetic ;  the  progressive  polarization  of  the  disc  by  the  series  coil 
and  the  short-circuited  coil  causes  rotation  of  the  disc  by  repulsion 
at  a  speed  varying  with  the  square  of  the  current  in  the  primary. 

Such  devices  require  to  be  connected  to  a  restraining  element, 
the  restraining  influence  of  which  increases  as  the  square  of  the 
velocity ;  for  examplo,  an  air- vane  or  vanes,  connected  directly  to  the 
shaft  carrving  the  rotor. 
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3)  A  group  commonly  known  as  "  Induction  Watt-Hour 
Meters."  These  consist  of  a  variable  field  produced  by  two  coils, 
or  gets  of  coils,  one  in  series  with,  and  the  other  m  multiple  to,  the- 
circuit  under  measurement;  and  a  Foucault  armature,  commonly  a 
disc,  cup  or  the  equivalent,  situated  in  the  fields  produced  by  the 
current  and  potential  coils. 

By  the  introduction  of  electrostructural  features,  taking  vari- 
ous forms,  as,  for  example,  a  short-circuited  secondary,  a  phase  dis- 
placement is  produced  between  the  waves  in  the  current  and  poten- 
tial systems;  this  creates  a  revolving  field  under  the  inductive  in- 
fluence of  which  the  rotor  turns  at  a  speed  proportionate  to  the  watts 
on  the  circuit  under  measurement. 

In  numerous  forms  the  rotor  or  coercive  armature  constitutes  also 
the  restraining  armature.  When  a  disc  structure  is  used,  for  ex- 
ample, one  side  of  the  disc  passes  between  the  poles  of  the  coercive 
field,  while  the  other  side  passes  between  the  poles  of  the  permanent 
restraining  field.  In  structures  of  this  character  it  is  desirable  and 
important  that  the  lag  between  the  current  and  the  potential  coils 
shall  be  90  deg.,  or  as  near  90  deg.  as  possible. 

Under  these  conditions  the  coercive  force  is  a  measure  of  the 
actual  applied  watts,  and  not  the  volt  amperes. 

If  I  have  succeeded  in  this  brief  paper  in  contributing  to  the  art 
a  clear  and  comprehensive  classification  of  the  various  structures 
and  phenomena  which  have  been  resorted  to  in  the  development  of 
the  integrating  meter  in  all  its  varied  forms,  I  am  well  satisfied. 

1  cannot  but  recognize  that  there  are  certain  meters  which  do  not 
obviously  and  immediately  place  themselves  within  any  of  the 
groups  which  I  have  defined,  but  it  is  my  belief  that  substantially 
all,  if  not  all;  may  by  study  be  found  to  come  within  one  of  the 
18  genera  into  which  I  have  divided  the  field  of  electric  meters. 

We  will  now  proceed  to  a  brief  abstraction  of  the  paper  of  Mr.  George 
Ross  Green,  which  he  has  prepared  as  a  representative  of  the  National 
Electric  Light  Association.  If  Mr.  Eglin  is  here  I  will  ask  him  to  be 
kind  enough  to  read  JMr.   Green's  paper  in  abstract. 

Mr.  W.  C.  L.  Eglin  presented  the  paper. 


AMERICAN  METER  PRACTICE. 


BY  GEO.  ROSS  GREEN,  Delegate  of  'National  Electric  Light  Association. 


To  make  this  contribution  representative  of  meter  practice  in 
America,  letters  asking  for  information  were  sent  to  a  large  num- 
ber of  electric  lighting  companies  tliroughout  the  United  Statet^. 
and  the  information  received  from  them  has  been  used  in  the  com- 
pilation of  the  paper.  The  paper  was  written  in  collaboration 
with  Messrs.  P.  H.  Bartlett,  B.  Currier,  J.  B.  Seaman  and  VV.  A. 
Evans  of  Philadelphia,  Pa. 

Introduction. 

When  the  development  of  the  electric  generator  and  transmission 
systems  had  reached  a  stage  which  promised  a  continuous  supply 
of  electricity,  and  when  the  lamps,  motors,  etc.,  had  attained  com- 
mercial recognition,  the  question  of  charging  for  the  electrical 
energy  became  a  matter  of  fii-st  consideration. 

The  method  of  charging  for  gas  by  meter  served  as  a  precedent : 
but  as  no  thoroughly  satisfactory  electric  meter  was  available, 
the  contract  or  "  flat  rate  "  system  was  tlie  only  alternative.  Tliis 
system  was  based  on  the  assumption  that  the  lamps  or  motors 
connected  would  be  used  a  certain  number  of  hours  each  day. 

This  system,  while  still  used  to  some  extent,  was  never  con- 
sidered satisfactory  as  it  encouraged  the  extravagant  and  unneces- 
sary use  of  current;  and  the  invention  of  a  thoroughly  practicable 
and  commercial  meter  became  a  matter  of  paramount  importance. 
Some  of  the  best  minds  in  the  country  for  nearly  a  generation 
have  been  devoted  to  the  production  of  meters,  and  several  of  the 
earlier  types  placed  on  the  market  a  dec-ade  ago  performed  excellent 
service,  and  axe  wortliy  of  special  commendation,  although  they 
have  been  largely  superseded  by  tlie  more  perfect  meters  of  today. 

Patents. 

TIk;  following  is  a  complete  list  of  meter  patents  issued  in  the 
United  States  to  July  1,  1904.  as  supplied  by  the  Patent  Office: — 
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Class  171. — Electricity. 

Mot  ice 

I'owcr 

Subclasses. 

Pat. 

jiite. 

34. 

Meters 

64 

264. 

Alternating  motor 

89 

309. 

Phase  adjust iiKjnt 

93 

265. 

Direct  motor 

11.} 

266. 

Electrol_ytic 

45 

267. 

Escapement 

30 

268. 

Multiple-rate 

46 

270. 

Thermal,  fluid-expniii 

iion 

15 

271. 

Hot-wire 

8 

272. 

Time 

30 

273. 

Variable-radius 

- 

87 
620 

Class  231f. — Rcconhrs. 

Subclass. 

55. 

Electric  meter 

33 

Single  copies  of  these  patents  may  be  obtained  for  the  sum  of 
five  cents  each  from  the  Commissioner  of  Patents,  Washington, 
D.  C. ;  or  the  Patent  Office  Avill  furnish  a  complete  set  of  the 
papers  at  the  rate  of  three  cents  each.  Information  regarding 
the  number  of  papers,  and  the  amount  of  money  ordered  to  be 
forwarded  for  a  complete  set,  will  be  supplied  upon  request  to  the 
Conunissioner.  By  sending  a  deposit  of  $5.00  or  more,  copies  of 
any  future  patents  will  be  forwarded  as  soon  as  issued,  at  the  rate 
of  five  cents  each. 

These  patents  constitute  a  complete  history  of  the  development 
of  the  electric  meter  in  America.  They  cover  almost  every  con- 
ceivable device  from  the  hour-glass  type,  in  which  the  amount  of 
sand  flowing  is  regulated  by  the  current,  and  the  photographic  type, 
in  which  the  amount  oi  current  is  indicated  by  a  spot  of  light 
falling  on  a  moving  sensitized  band  of  paper,  to  the  latest  type 
of  meter  used  today. 

The  Edison  chemical  meter  w6s  practically  the  pioneer  among 
the  direct-current  meters,  and  maintained  the  supremacy  for  a 
number  of  years.  The  Shallenberger  meter  should  be  mentioned 
among  the  early  alternating-current  meters.  Both  of  the  above 
were  ampere-hour  meters,  the  Edison  being  of  the  electrolytic 
type,  and  the  Shallenberger  of  the  mechanical  type. 
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The  ampere-hour  raoter,  both  electrolytic  and  mechanical,  is 
today  finding  but  little  favor  with  electric  lighting  companies  in 
America;  one  reason  for  this  being  the  impossibility  of  maintain- 
ing the  voltage  absolutely  constant  over  the  entire  system.  For 
alternating-current  circuits  the  ampere-hour  meter  is  especially 
unsuitable  owing  to  its  inability  to  accurately  measure  the  energ}' 
of  inductive  loads.  No  ampere-hour  meters  are  now  being  manu- 
factured in  the  United  States,  the  watt-hour  meter  having  almost 
entirely  superseded  those  originally  manufactured.  The  few  still 
in  service  are  used  almost  entirely  by  the  smaller  companies  which, 
being  often  without  sufficient  capital  to  purchase  the  more  eflBcient 
wattmeters,  yet  recognize  the  fact  that  even  the  ampere-hour  meter 
is  superior  to  the  "  flat  rate  "  system. 

Meters  Now  Being  Manxtfactxteed  in  the  United  States. 

The  following  is  a  list  of  the  names  and  addresses  of  the  manu- 
facturers of  meters  in  the  T"!"nited  States,  and  of  the  principal 
types  of  meters  which  they  produce: — 

Diamond  Meter  Co.,  Peoria,  III. 

Scheeffer  type  "  F  "  commutator  integrating  wattmeter. 

Duncan  Electric  Manufacturing  Co.,  Lafayette,  Ind. 
Duncan  eommutator-type  wattmeter. 

Fort  Wayne  Electric  Works,  Fort  Wayne,  Ind. 

Standard  and  separate  seal  type  "  K "  wattmeter. 
Type  "  W  "  wattmeter. 
Polyphase  type  "  K  "  wattmeter. 

General  Electric  Co.,  Schenectady,  N.  Y.,  and  Lynn,  Mass. 
Thomson  Integrating  Commutator  Wattmeters. 

Standard  types-:-T.  E.  W.  meter. 

Astatic  switchboard  type. 

Street-car  type. 

Are  wattmeter. 

Arc  wattmeter,  station  type. 

Two-rate  wattmeter. 

Battery  charge  and  discharge  wattmeter. 

Prepayment  wattmeter. 
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Thomson  Integrating  Induction  M'uttmeters. 

High  torque,  type  "  I." 
Polyphase  type. 

Stanley  Instrument  Co.,  Great  Barrington,  Mass. 
Magnetic  suspension  type  wattmeter. 
Balanced  thrust  jewel  type  wattmeter. 

Westinghouse  Electric  &  Manufacturing  Co.,  Piitfyhurg,  Pa. 

Type  "A"  wattmeter. 
Polyphase  type  ''A"  wattmeter. 

The  commutator  type  of  meters  when  properly  compensated  are 
applicable  to  both  direct  and  single-phase  alternating-current  cir- 
cuits, and  are  manufactured  of  various  current  capacities  for  two- 
and  three-wire  circuits  of  any  usual  voltage. 

The  induction  type  of  meter  is  manufactured  for  two-  and  three- 
wire,  single-phase  circuits;  and  the  polyphase  type  for  two-  and 
three-phase  circuits. 

No  description  of  these  meters  is  attempted,  as  the  manufac- 
turers are  always  pleased  to  furnish,  upon  application,  and  free 
of  charge,  illustrated  catalogues  containing  full  data  and  descrip- 
tions of  the  meters  which  they  manufacture. 

A  list  of  the  ampere  capacities  of  meters  now  manufactured  in 
America  is  given  on  page  20.  Figure  1  shows  the  largest-  meter 
ever  manufactured  in  America.  This  is  a  T.  K.  W.  meter,  30,000 
amperes,  550  volts  capacity,  and  is  in  use  on  a  street-railway  sys- 
tem. It  is  back-connected,  having  four  studs  arranged  two  in 
multiple.  Each  stud  is  4%  ins.  in  diameter  and  of  sufficient 
length  to  carry  13  nuts.  The  current-density  in  the  studs  is 
840  amperes  to  the  square  inch  at  full  load,  and  in  the  yoke 
1670  amperes  to  the  square  inch.  The  approximate  weight 
is  2000  pounds,  and  the  outside  dimensions  of  the  cover  are 
30%  ins.  X  19%  ins.  The  relative  size  of  this  meter  and  the 
standard  T.  R.  W.  meter  is  shown  by  the  cut. 

Aims  of  the  Manufacturer. 

In  America  the  manufacturer  of  meters  has  endeavored  to  sup- 
ply an  instrument  which  is  thoroughly  satisfactory  in  all  par- 
ticulars and  at  as  low  cost  as  good  shop  practice  wiU  warrant. 
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Efficiency  is  not  sacrificed  to  cost,  and  the  cheap  and  inaccurate 
meter  finds  practically  no  sale  in  the  American  market. 

The  desire  of  the  electric  lighting  companies  to  install  on  their 
systems  only  the  most  efficient  meters  has  been  the  incentive  of 
the  manufacturers;  and  as  rapidly  as  more  improved  meters  have 
been  produced  the  less  efficient  and  obsolete  have  been  discarded. 
The  manufacturers  have  always  conducted  extensive  and  costly 
experiments,  and  their  efEorts  to  produce  the  best  meter  possible 
liave,  if  anything,  been  increased  during  the  last  two  or  three 
years.  This  is  evidenced  by  the  fact  that  most  of  the  manufac- 
turers have  placed  upon  the  market  during  this  period  meters  of 
new  design  and  construction  which  are  far  superior  to  the  older 
types. 

The  manufacturer  usually  welcome  intelligent  criticism  of  his 
meters,  as  it  is  largely  from  the  information  thus  received  that 
lie  is  enabled  to  make  the  improvements  desired;  and,  therefore, 
tlie  manufacturer  and  the  electric  lighting  companies  have  mu- 
tually assisted  each  other  in  elevating  the  standard  of  meter  work 
to  its  present  d^ree  of  excellence. 

Jewels. 

One  of  the  most  difficult  problems  which  confronts  the  manu- 
facturer is  the  jewel  problem.  For  a  long  period  the  sapphire 
jewel  was  the  best  obtainable ;  and  the  efforts  of  the  manufacturers 
wore  directed  towards  securing  the  hardest  stones  and  attaining 
the  highest  polish.  The  Oriental  sapphire  is  at  present  considered 
the  best  obtainable  and  the  manufacturers  use  no  other. 

The  flat  diamond  with  a  ring  stone  has  proven  to  be  an  improve- 
ment,  in  many  respects,  over  the  sapphire  jewel.  On  light  loads, 
better  results  have  frequently  been  obtained ,  with  a  new  cup 
sapphire  than  with  the  flat  diamond,  but  this  condition  does  not 
usually  obtain  at  the  end  of  even  a  short  period  of  operation. 
During  the  last  few  montlis  the  manufacturers  have  succeedo<l 
in  furnishing  cup  diamonds  in  very  limited  numbers.  It  is 
expected  that  continued  experiments  will  materially  reduce  the 
cost  and  increase  the  output  of  the  cup  diamonds  and  that  a 
thoroughly  satisfactory  jewel  will  then  have  been  obtained. 

Fotential  Losses. 

While  the  desirability  of  reducing  the  potential  losses  in  the 
meter  is  appreciated,  by  both  the  manufacturer  and  the  company, 
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it  has,  nevertheless,  been  r(^cognize(l  that  the  best  metering 
efficiency  can  not  usually  be  obtained  with  extremely  small  poten- 
tial losses,  due  to  the  insufUcient  torque.  In  America,  therefore, 
these  losses  are  not  considered  of  specially  vital  importance,  since 
the  consequent  increased  meter  accuracy  more  than  compensates 
for  them.  The  manufacturers  are,  however,  endeavoring  to 
reduce  these  losses  to  a  minimum,  and  at  the  present  time  the 
losses  in  commutator  meters  are  generally  4  to  5  watts  per  hour 
fit  110  volts,  and  in  induction  type  metei-s  from  2  to  3  watts  in  the 
potential  circuit. 

Light  Load  Accuracy. 

The  ability  of  the  meter  to  register  light  loads  with  accuracy 
is  of  more  importance  than  was  formerly  considered.  Of  recent 
years  the  manufacturers  have  endeavored  to  improve  the  efficiency 
of  the  meters  at  this  point  by  the  introduction  of  adjustable  fric- 
tion compensating  devices,  and  by  increasing  the  torque  and 
decreasing  the  weight  of  moving  element.  The  effect  of  these 
improvements  has  been  most  marked. 

Commutator. 

Formerly  it  was  the  custom  to  polish  the  commutator  when- 
ever the  meter  was  cleaned  or  repaired.  The  polished  surface, 
however,  again  became  quickly  tarnished;  and  the  accuracy  of  the 
meter,  especially  on  the  light  loads,  was  materially  affected.  It 
is  the  present  custom  never  to  polish  the  commutator  unless  it 
has  been  seriously  blackened  by  sparking,  etc. ;  as  when  once 
tarnished,  the  friction  remains  practically  constant,  and  can  be 
compensated  for  by  adjusting  the  compensating  coil.  Since  the 
adoption  of  this  method  some  years  ago,  the  maintained  accuracy 
of  the  meters  on  light  loads  has  been  most  satisfactory. 

Kequirements  of  a  Meter. 

The  primary  requirements  of  an  electric  meter  are,  of  course, 
accuracy  and  the  ability  to  remain  accurate.  Other  considerations, 
however,  also  enter  into  the  production  of  a. thoroughly  satisfactory 
and  commercial  meter. 

The  following  may  be  considered  as  some  of  the  requirements 
of  a  commercially  ideal  meter,  and  it  is  the  aim  of  the  manu- 
facturers to  approach  these  conditions  as  closely  as  possible: — 
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Acniracij. 

A  meter  should  register  Avithin  2  per  c^nt  of  absolute  accuracy 
on  inductive  and  non-inductive  loads  between  2  per  cent  of  its 
rated  capacity  and  50  per  cent  overload. — Register  accurately  on 
25  per  cent  increase  or  decrease  in  voltage  over  its  normal  rated 
voltage. — Unaffected  by  slight  changes  in  frequency  and  wave 
form. — Respond  quickly  to  variations  of  current  or  voltage. — 
Should  not  creep. — Should  not  be  affected  by  reasonable  varia- 
tions in  temperature  or  barometric  conditions. — Equipped  with  a 
reliable  device  for  compensating  for  static  friction,  and  maintain- 
ing light  load  accuracy.  The  device  sliould  not  perceptibly  alter 
the  calibration  on  other  than  light  loads. — Should  not  be  affected 
by  strong  magnetic  fields. — Show  no  difference  in  accuracy  with 
the  cover  on  and  off. 

Ability   to   Beniain   Accurate. 

Dust,  insect  and  moisture  proof. — Unaffected  by  short  circuits 
on  the  line. — High  torque  and  light  rotating  parts. — Permanent 
m.agnets  should  be  thoroughly  aged  and  should  remain  of  constant 
strength. — Constructed  so  that  the  ordinary  operation  of  cleaning 
will  not  materially  affect  the  calibration. — Dial  gears  accurately 
cut. — Workmanship  of  the  best  quality. 

Design. 

Substantially  built  to  withstand  the  ordinary  shocks  of  trans- 
portation and  erection. — Light  in  weight. — Connections  not  com- 
plicated in  order  to  facilitate  handling  and  erection. — As  small 
as  possible  and  of  neat  design,  in  order  to  be  unobjectionable  when 
installed  in  residences,  ete. — Operate  without  noise,  humming, 
ete. — Shunt,  field  and  other  losses  should  be  a  minimum. — 
Designed  to  render  tampering  impossible. — Provided  with  large 
dials  to  facilitate  reading. — Dials  should  have  no  constants;  but 
if  necessary,  tJie  constant  should  be  placed  conspicuously  on  the 
dial  face. — The  adjustment  devices  should  be  accessible  and  easily 
operated. — Adaptable  to  standard  frequencies,  or  so  constructed  as 
to  allow  of  changing  from  one  frequency  to  another  without  replac- 
ing any  parts  or  removing  meter  from  service. — Accessible  adjust- 
ment for  quarter  phasing. — Insulation  to  be  of  the  best. 

Maintenance. 

Internal  mechanism  simple  and  accessible. — Parts  substantially 
built  to  withstand  wear. — Facilities  for  removing  jewel,  shaft  or 
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shaft  end,  and  other  parts  requiring  replacing. — Low  cost  of  re- 
pairs and  repair  parts,  which  should  be  of  standard  sizes  and 
interchangeable. — Special  facilities  for  reducing  the  cost  of  repair- 
ing and  calibrating  in  the  laboratory  and  in  service. 

Cost. 

The  cost  should  be  as  low  as  possible  consistent  with  good 
workmanship. 

The  above  requirements  apply  particularly  to  meters  for  alternat- 
ing-current circuits;  most  of  the  items,  however,  apply  equally 
well  to  meters  for  direct-current  circuits. 

It  is  usually  no  longer  considered  necessary  that  the  same  meters 
should  be  applicable  to  both,  direct-  and  alternating-current  cir- 
cuits, it  being  considered  that  the  induction  type  of  wattmeter 
at  present  on  the  market  is  preferable  for  alternating-current 
circuits. 

In  deciding  on  the  make  of  meter  to  purchase  it  is  desirable 
to  thoroughly  test  the  meter  in  the  laboratory,  although  it  is  hardly 
safe  to  be  unduly  influenced  by  a  laboratory  test.  In  order  to 
determine  the  most  suitable  meter,  it  is  necessary  to  conduct,  in 
addition  to  the  laboratory  tests,  a  series  of  service  tests,  covering 
several  months,  on  a  large  number  of  meters  in  actual  service  and 
in  different  localities,  in  order  that  the  meters  may  be  subjected 
to  the  varying  local  conditions  which  exist  on  the  line.  During 
the  period  covered  by  the  above  tests  it  is  necessary  to  repeatedly 
test  the  meters  for  accuracy  and  it  is  usually  undesirable  to  cali- 
brate the  meter  at  such  times,  as  the  object  to  be  attained  is  the 
determination  of  the  period  during  which  the  meter  will  operate 
within  the  limits  of  commercial  accuracy.  The  minimum  period 
a  meter  should  maintain  its  accuracy  is  from  six  months  to  a  year. 
As  a  rule,  the  meter  which  has  the  highest  torque  and  lightest 
weight  of  moving  elements,  will  longest  maintain  its  caKbration. 

Importance  of  Accurate  Meters. 
The  first  consideration  in  American  meter  practice  is  accuracy. 
In  the  past,  station  managers  have  frequently  recommended  the 
expenditure  of  thousands  of  dollars  for  the  purchase  of  more 
modern  and  economical  machinery  and  suggested  the  eamployment 
of  skilled  and  high-priced  labor  in  order  to  effect  a  saving  in  the 
generation  of  current ;  and  yet  have  often  entirely  ignored  the 
losses  due  to  the  meters  which  measure  this  current,  although 
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these  losses  might  even  exceed  the  saving  to  be  attained  by  the 
more  expensive  machinery. 

As  the  electric  meter  is  a  t3'pe  of  machine  its  natural  tendency 
is  to  run  slow,  as  is  evidenced  by  the  averages  of  thousands  of 
tests.  The  maintenance  of  the  accuracy  of  the  meters,  therefore, 
brings  into  the  treasury  of  the  company  revenue  which  would 
otherwise  escape. 

The  testing  of  meters  has  also  shown  that  occasionally,  through 
accident,  a  meter  may  register  fast.  The  maintenance  of  the 
accuracy  of  meters  is  an  indication  of  the  honesty  and  integrity 
of  the  management  of  a  company  towards  its  consumers. 

Objections  to  the  testing  of  met-ers  have  sometimes  been  made 
on  account  of  the  possibility  of  losing  a  few  consumers  whose 
meters  may  be  registering  far  too  low.  These  consumers  are  a 
source  of  loss  rather  than  of  profit  and  the  company  is  either 
losing  money  on  them  or  overcliarging  other  consumers  by  adjust- 
ing the  rates  to  compensate  for  the  losses. 

It. is  only  by  maintaining  the  accuracy  of  its  meters  that  the 
company  is  enabled  to  arrive  at  the  equalization  of  its  charges 
and  fix  just  rates  for  all  of  its  consumers. 

The  station  manager  is  usually  tlioroughly  alive  to  the  import- 
ance of  reducing  the  coal  consumption  per  kw-hour  by  the  instal- 
lation of  the  most  efficient  machinery,  etc.,  yet  if  he  will  take  the 
trouble  to  investigate,  he  will  find  that  a  1  per  cent  increase  in 
his  revenue,  effected  by  the  testing  and  calibrating  of  his  meters, 
is  equivalent  to  several  per  cent  saving  in  his  coal  bill,  and  this 
should  convince  him  of  the  necessity  of  maintaining  the  accuracy 
of  his  meters. 

Station  Meter  Department. 

In  America  most  companies  that  have  a  sufficient  number  of 
meters  to  justify  it,  have  organized  a  special  department  for  the 
maintenance  and  repair  of  the  electric  meters. 

Under  the  work  of  a  meter  department  may  be  included  all  work 
.incident  to  the  electric  meter,  and  it  will  be  considered  as  embrac- 
ing the  following: — 

Installing. — Testing. — Heading. — Bill  computing  and  records. — 
Repairing  and  laboratory. 

It  is  not  usually  customary  for  a  company  to  so  organize  its 
met^r  department  that  all  work  embraced  by  the  above  list  is 
inchided  within  its  province.     However,  all  of  this  work  is  so  inti- 
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mately  associated  that  the  meter  department  is  in  a.  position  to 
render  valuable  aid  and  suggestions  in  all  these  branches.  For 
instance,  were  meters  installed  by  a  construction  department, 
entirely  independent  of  the  meter  department,  the  meters  would 
probably  be  installed  in  a  manner  which  best  suited  the  convenience 
of  the  installer,  and  without  due  consideration  of  the  subsequent 
work  of  the  meter  reader  and  tester,  which  is  the  most  important 
work  in  connection  with  the  meters. 

As  each  company  arranges  its  clerical  work  to  best  suit  its  local 
conditions  it  will  be  impossible  to  satisfactorily  discuss  the  various 
methods  and  forms  in  vogue,  and  therefore  bill  computing  and 
records  will  not  be  considered  in  this  paper. 

Eates. 

While  it  is  not  within  the  province  of  this  paper  to  enter  into 
a  discussion  of  the  merits  of  any  system  of  charging  for  electrical 
energy,  a  brief  outline  of  the  prevailing  systems  may  not  be  out 
of  place. 

As  previously  stated,  it  was  the  practice  of  the  smaller  compan- 
ies, before  tlie  wide  adoption  of  the  meter,  to  make  a  flat  charge  per 
month  per  16-cp  lamp  connected  to  the  system.  This,  of  course, 
saved  the  companies  from  making  a  large  outlay  for  meters,  but 
led  to  abuses  and  dissatisfaction. 

The  adoption  of  the  system  of  charging  by  meter  led  to  the  use 
of  a  variety  of  units,  such  as  ampere-hour,  lamp-hour,  horse-power- 
hour  and  1000  watt-hours;  and  a  variety  of  rates  per  unit  were 
also  in  use. 

The  tendency  to-day  is  towards  the  1000  watt-hour  unit  for  both 
light  and  power.  This  is  recognized  to  be  the  standard  unit,  and 
all  meters  manufaeturd  in  America  register  in  this  unit. 

Some  companies  have  adopted  the  "  Maximum  Demand  "  system 
of  charging,  which  requires  the  installation  of  two  meters,  an 
integrating  wattmeter  for  registering  the  energy  consumed,  and  an 
ammeter  for  registering  the  maximum  current  used  during  the 
period  of  the  bill. 

In  computing  the  monthly  bill,  the  reading  of  the  "  Demand  " 
meter  is  multiplied  by  the  voltage  of  the  circuit  and  by  a  varying 
number  of  hours,  depending  on  the  month,  and  the  product  re- 
duced to  kilowatt-hours  is  charged  for  at  the  rate  of,  say,  20  cents 
per  kilowatt-hour.  The  above  amount  in  kilowatt-hours  is  then 
deducted  from  the  net  registration  shown  by  the  integrating  meter 
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and  the  difference  is  charged  for  at  the  lower  rate  of,  say,  8  cents 
per  kilowatt-hour. 

Some  companies  have  adopted  the  two-rate  system  without  using 
a  "  Demand '"  meter.  The  energy  represented  by  the  product  of 
the  lamps  connected  by  a  guaranteed  number  of  hours  burning 
per  month,  is  charged  for  at  the  higher  rate,  and  the  excess  used 
is  charged  for  at  the  lower  rate. 

A  few  companies  have  adopted  a  two-rate  meter  equipped  with 
two  separate  and  distinct  dial  mechanisms  and  a  clock  for  auto- 
matically causing  the  meter  to  register  on  one  dial  or  the  other  at 
predetermined  periods  of  the  day.  The  energy  used  during  the 
period  covering  the  peak  load  is  registered  on  one  dial  and  is 
charged  for  at  the  higher  rate,  and  during  the  remainder  of  the 
time  the  energ}-  used  is  registered  on  the  other  dial  and  is  charged 
for  at  the  lower  rate. 

One  of  the  larger  companies  has  a  four-rate  system,  the  maxi- 
mum rate  being  charged  for  the  first  two  hours'  use  per  day  of  the 
load  connected  and  a  lower  rate  for  each  additional  two  hours,  as 
for  instance: 

15c.  per  1000  watt-hours  for  the  first  and  second  hours'  use. 
10c.  per  1000  watt-hours  for  the  third  and  fourth  hours'  use. 
7l^c.  per  1000  watt-hours  for  the  fifth  and  sixth  hours'  use. 
5c.  per  1000  watt-hours  for  all  above  six  hours'  use  per  day. 

Some  companies  allow  a  discount  of  a  gi-eater  or  less  percent- 
age, depending  on  the  amount  of  the  bill,  regardless  of  the  con- 
nected load ;  while  others  bill  at  a  fixed  rate  per  unit  and  usually 
allow  no  discount. 

Many  companies  require  a  guaranteed  minimum  payment  per 
month,  and  this  is  charged  whenever  the  calculated  amount  of  the 
bill  is  less  than  this  minimum. 

Installation  of  Metkrs. 
Capacity  of  the  Meter. 

The  selection  of  a  meter  of  projx3r  capacity  to  accurately  meas- 
ure the  load  is  a  detail  of  the  work  to  which  careful  attention  is 
usually  given.  The  life  of  the  meter  and  its  continued  accuracy 
depend  to  a  large  extent  on  the  care  exercised  in  this  selection, 
as  the  aggregate  losses  otherwise  resulting  may  be  very  large. 

In  the  larger  installations  each  case  is  considered  separately,  aa 
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local  conditions  frequently  require  special  treatment  to  secure  the 
most  efficient  results.  The  purposes  for  which  the  building  is  to 
be  used  and  the  business  of  the  consumer  are  also  important  fac- 
tors, as  the  percentage  of  the  connected  load  used  will  vary  largely 
accordingly. 

The  requirements  issued  by  many  lighting  companies  limiting 
the  loads  allowed  to  be  connected  to  the  same  mains  and  meter, 
decrease  to  some  extent  the  difficulties  of  accurately  measuring  the 
current. 

These  rules  in  one  case  require,  separate  meters  for  light  and 
power  circuits;  separate  meters  for  signs,  photographic  arcs, 
charging  sets,  or  other  constant  loads  in  excess  of  certain  limits; 
separate  meters  for  incandescent  arc  and  incandescent  lighting 
where  the  combined  load  requires  a  meter  larger  than  will  start 
on  one  l6-cp  lamp. 

By  thus  separating  the  classes  ol  service  it  is  usually  possible  to 
install  meters  of  such  capacities  that  they  will  register  the  mini- 
mum loads  used  on  the  mains  which  they  control. 

Efficient  meter  practice  has  demonstrated  that  it  is  never  ad- 
visable to  install  a  meter  of  greater  capacity  than  is  necessary  to 
efficiently  and  economically  register  the  load  on  which  it  usually 
operates.  This  is  advisable  for  two  reasons :  First,  a  small  meter 
will  more  accurately  register  small  loads  than  will  a  larger  meter; 
and  secondly,  the  investment  in  meters  in  service  is  reduced. 

It  will  be  found,  therefore,  in  the  majority  of  lighting  plants 
that  the  connected  load  is  under-metered.  It  has  been  shown  by 
tests  with  Wright  discount  and  Bristol  recording  meters  that 
seldom  more  than  50  per  cent  of  the  lamps  installed  in  residences 
are  used  at  any  one  time.  Usually  the  maximum  number  used 
is  not  over  one-quarter  to  one-third,  and  therefore  it  is  the  prac- 
tice to  install  for  residence  lighting,  meters  of  capacities  of  50 
per  cent  or  less  of  the  connected  load.  Occasionally,  during  social 
functions,  etc.,  the  meter  must  withstand  a  large  overload,  but  the 
losses,  due  to  these  overloads,  which  are  short  and  infrequent, 
are  more  than  compensated  for  by  the  greater  accuracy  obtained 
on  the  light  loads. 

In  small  stores,  saloons,  etc.,  where  usually  all  of  the  lamps 
connected  are  burned  at  one  time,  a  meter  is  installed  having  a 
capacity  about  equal  to  the  connected  load.  If,  however,  a  store 
has  an  installation  of  40  lights  which  are  burned  one  or  two  hours 
each  evening,  and  during  the  remainder  of  the  time  only  one  or 
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very  few  lamps  are  used,  it  would  be  considered  preferable  to 
install  a  15-ampere,  2-wire  meter  rather  than  a  25-ampere,  2-wire 
meter.  The  controlling  factors  in  the  selection  of  a  meter  for  such 
installations  are  the  losses  due  to  overload  in  the  one  case,  as  com- 
pared with  the  losses  due  to  light  loads  in  the  other. 

For  signs  and  other  sources  of  constant  load  a  meter  of  a  rated 
capacity  equal  to  the  load,  or,  preferably  about  20  per  cent  greater, 
is  installed.  This  also  applies  to  motor  circuits  and  particularly 
to  alternating-current  and  elevator  motors,  the  meters  installed 
for  which  have  a  capacity  from  25  to  50  per  cent  greater  than 
the  nominal  horse-power  of  the  motors.  In  some  of  the  larger  in- 
stallations of  this  character  the  maximum  and  minimum  current 
used  is  determined,  and  the  meter  most  suitable  to  the  require- 
ments is  then  installed.  On  the  polyphase  light  and  also  power 
circuits  some  companies  install  a  single-phase  meter  on  each  phase 
while  others  prefer  to  use  polyphase  meters, — the  latter  practice 
being  preferable,  especially  for  power  circuits. 

In  theaters,  churches  and  other  buildings  of  a  like  character  it 
is  sometimes  impossible  to  install  a  meter  which  will  accurately 
measure  all  the  loads  and  start  on  the  minimum  loads,  and  in  such 
cases  the  circuits  are  frequently  divided  and  several  meters  are  in- 
stalled. In  such  buildings  it  is  customary  at  times,  through  the 
day  and  during  the  hours  of  cleaning,  to  use  only  a  very  small 
percentage  of  the  lamps.  To  endeavor  to  measure  the  current  used 
by  these  lamps  with  a  meter  of  sufficient  capacity  to  accurately 
measure  the  entire  installation  involves  a  loss  which  can  be  largely 
saved  by  using  the  separate  circuits  and  two  or  more  smaller 
meters. 

On  very  large  installations,  such  as  department  stores,  etc.,  it 
is  customary  with  some  companies  to  install  one  or  more  of  the 
largest  capacity  meters,  while  others  will  install  a  number  of 
smaller  meters,  each  controlling  separate  floors  or  departments. 
The  latter  method  is  considered  the  better  practice;  for  while  the 
investment  costs  and  potential  losses  of  the  smaller  meters  are 
greater,  the  losses  during  light  load  periods  are  reduced,  and  the 
possibility  of  losses  occurring  due  to  the  large  meters  registering 
low,  or,  becoming  defective  and  failing  to  register,  are  very  largely 
reduced.  The  small  meters  can  also  be  more  easily  tested  and  the 
reason  for  any  fluctuations  in  the  bills  can  be  readily  located  and 
explained. 
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Location  of  the  Meter. 

The  location  of  the  meter  is  a  matter  to  which  careful  attention 
is  usually  given.  The  continued  accuracy  of  the  meter  is  depend- 
ent, to  some  extent,  on  its  location,  and  as  the  meter  registers 
the  income  of  the  company,  and  the  meter  board  is  in  many  cases 
a  distributing  point  where  fuses  and  switches  are  located,  it  is  to 
the  interest  of  both  the  company  and  consumer  to  secure  a  loca- 
tion which  is  entirely  suitable. 

The  general  requirements  are,  that  the  location  shall  be  dry,  free 
from  dust  and  vibration,  not  in  close  proximity  to  gas  pipes,  water 
pipes,  or  heaters,  nor  subjected  to  extremes  of  temperature.  The 
location  should  also  admit  of  the  erection  of  the  meter  on  a  solid 
support  and  be  accessible  at  all  times. 

It  is  not  always  possible  to  obtain  all  of  these  conditions.  A 
substantial  vertical  support,  such  as  an  outside  wall,  allowing  the 
erection  of  the  meter,  five  or  six  feet  from  the  floor  and  with  sufiB- 
cient  clear  space  all  around  the  meter  to  permit  of  easy  inspection 
and  testing,  is,  however,  usually  obtained. 

In  selecting  the  location  of  the  meter,  kitchens  and  the  upper 
floors,  especially  bathrooms,  bedrooms,  small  closets,  and  any 
location  where  the  meter  reader  or  tester  would  be  interfered  with, 
or,  the  consumer  disturbed,  are  avoided. 

Installing  the  Meter. 

It  has  been  evident  for  some  time  that  in  order  to  lessen  the 
cost  of  maintenance  and  to  decrease  the  possibility  of  tampering, 
the  service  and  meter  wiring  should  be  installed  in  a  more  perma- 
nent manner  and  be  of  greater  stability  than  was  formerly  the 
custom. 

The  former  methods  of  installing  meters,  with  open  wiring  and 
uncovered  cutouts  and  switches  on  both  the  service  and  house  side 
of  the  meters,  is  therefore  no  longer  considered  safe  or  desirable 
by  many  companies. 

The  design  of  the  installation  should  be  compact  and  should  be 
standard,  or  rather  the  several  designs  required  to  suit  varj'ing  con- 
ditions and  meters  should  be  standard,  in  order  that  all  meters  can 
be  erected  in  substantially  the  same  manner;  and  it  should  also 
be  of  such  a  character  that  the  several  parts  are  interchangeable 
and  can  be  used  again  in  the  event  of  the  service  being  discon- 
tinued and  the  meters  removed.     In  the  design  should  also  be 
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combined  durability,  flexibility,  as  low  first  cost  as  possible,  and 
a  minimum  of  opportunities  for  tampering,  etc. 

The  materials  used  should  be  of  the  best  quality  obtainable,  as 
the  service  and  meters  are  frequently  located  in  cellars  where 
dampness  and  generally  worse  conditions  exist  than  in  other  parts 
of  the  building.  The  work  should  be  performed  by  skilled  me- 
chanics, possessed  of  good  judgment  and  a  fair  knowledge  of  the 
meter. 

The  arrangement  should  be  such  that  the  greatest  stability  and 
safety  possible  are  obtained  in  order  to  insure  a  continued  and  un- 
interrupted service,  and  to  render  unquestionable  any  possibility 
of  fire  occurring  due  to  defects  in  this  part  of  the  electrical  equip- 
ment; as,  owing  to  the  location,  it  is  usually  subjected  to  rougher 
usage  than  the  balance  of  the  installation,  and  is  more  often  sur- 
rounded by  inflammable  material  than  similar  apparatus  in  other 
parts  of  the  building. 

Meters  are  usually  fastened  to  a  board  secured  to  a  solid  verti- 
cal support  and  in  the  larger  installations  they  are  frequently 
mounted  on  marble  or  slate  panels.  It  is  customary  to  install  a 
cutout  between  the  service  and  the  meter.  The  cutouts  used  are 
of  various  designs,  the  tendency  being  to  have  them  enclosed  and 
some  of  the  companies  are  using  an  iron  box,  so  arranged  that  it 
can  be  sealed  in  the  same  manner  as  the  meter. 

Some  companies  have  also  adopted  a  series  of  standard  meter 
boards,  some  cuts  of  which  are  shown.  The  different  parts  of 
these  boards  are  assembled  and  wired  in  the  shop  and  sent  to  the 
consumer's  premises  read}'  for  erection. 

When  installing  the  larger  sizes  of  meters  special  arrangements 
are  frequently  made  to  facilitate  the  work  of  the  tester  when  con- 
necting the  instruments,  etc. 

Referring  to  the  accompanying  illustrations,  Fig.  2  shows  a 
type  of  single  meter  installation  for  capacities  up  to  75  amperes, 
arranged  for  the  erection  of  additional  meters,  showing  method  of 
connecting  to  underground  service.  No  wiring  is  exposed  from 
the  service  to  house  switch.  Fig.  3  is  an  installation  of  two 
induction  meters  for  a  two-phase,  three-wire  circuit,  showing  a 
three-pole  interlocking  house  switch.  Fig.  4  is  an  installation  of 
three  three-wire  meters  and  one  two-wire  meter  for  light  and  two 
two-wire  meters  for  power,  in  a  store. 


I      1 

Fig.  2.     Single  Meter  Instai.i.a-       Fu;.  3.     Iaduction  Meter  Instal- 
TION.  lation. 
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INlETEB  Installation.  for  Meter  Testing. 
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Testing  Meters. 

Experience  has  demonstrated  that  when  the  meter  is  received 
by  the  purchaser,  it  is  not  always  in  calibration,  and  all  meters 
are  therefore  usually  tested  in  the  laboratory.  Some  ccmipanies 
install  the  meter  and  then  retest  it,  as  the  meter  is  thus  calibrated 
for  the  actual  conditions  under  which  it  must  operate.  Other 
companies  prefer  to  rely  entirely  on  the  laboratory  test,  and  after 
installation,  send  an  inspector  to  determine  if  the  meter  is  oper- 
ating. It  is  questionable  whether  this  latter  method  is  preferable 
to  the  former,  as  experience  has  demonstrated  that  a  meter  will 
not  always  maintain  its  calibration  during  transportation  and 
erection. 

It  is  desirable  to  have  the  installation  test  made  shortly  after 
the  current  has  been  turned  on,  as  experience  has  shown  that  short 
circuits  and  accidents,  which  may  affect  the  calibration  of  the 
meter,  frequently  occur  on  new  installations.  This  is  considered 
an  argument  in  favor  of  testing  the  meter  after  it  is  installed  rather 
than  relying  on  the  prior  test  made  at  the  laboratory. 

Periodic  tests  are  made  at  intervals  of  one  month,  three  months, 
six  months  and  a  year,  depending  on  the  amount  which  the  meter 
has  registered.  This,  however,  is  not  the  only  determining  factor, 
for  while  some  meters  may  not  require  testing  until  the  disc  has 
rotated  from  five  hundred  thousand  to  one  million  revolutions,  or 
more,  others  may  require  more  frequent  testing,  due  to  excessive 
vibration  or  other  local  causes.  It  is  frequently  customary  to  test 
monthly  all  large  meters  which  register  large  amounts.  These 
meters,  if  in  error,  are  usually  found  to  be  registering  low,  and  a 
one  per  cent  loss  in  them  is  equivalent  to  a  much  greater  per- 
centage loss  in  smaller  meters ;  and  furthermore,  any  accident  such 
as  an  open  circuit  in  the  amiature,  etc.,  causes  a  much  greater 
loss  to  the  supply  company  than  similar  accidents  in  smaller 
meters. 

The  periods  for  testing  other  meters  are  determined  from  the 
results  of  former  tests,  and  from  close  inspection  of  the  amounts 
registered.  From  the  data  thus  collected  it  is  frequently  found 
advisable  to  change  the  period  of  the  test  for  a  particular  meter — 
transferring  it  from  one  period  to  another. 

If  consumers  complain  of  excessive  charges  the  meter  is  usually 
tested  if  a  consideration  of  the  conditions  warrant  it 

Special  tests  are  also  made  where  the  bill  shows  an  unusual  in- 
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crease  or  decrease;  the  results  of  these  tests  often  determining  the 
period  of  the  next  test,  as  explained  above. 

It  is  usually  customary  when  testing  meters  showing  a  "  straight 
line  curve/'  to  test  on  loads  of  about  5  per  cent  and  75  per  cent 
of  the  rated  capacity  of  the  meter  on  alternating  circuits,  and 
on  load5  of  about  10  per  cent  and  75  per  cent  on  direct-current 
circuits.  In  the  case  of  complaint  and  special  tests,  however,  the 
meters  are  usually  tested  on  loads  of  5,  25,  50  and  100  per  cent 
of  the  rated  capacity  of  the  meter,  in  order  to  more  closely  ascer- 
tain the  degree  of  accuracy  throughout  the  range;  thus  enabling 
the  company,  by  considering  the  loads  most  frequently  used,  to 
more  nearly  determine  the  actual  error,  if  any  exists. 

Method  of  Testing. 

For  testing  meters  in  the  meter  shop  or  laboratory  it  is  custom- 
ary, particularly  "vvith  the  larger  companies,  to  install  a  special 
switchboard  and  apparatus  for  obtaining  the  requisite  voltages  and 
currents,  and  also  special  racks  upon  which  one  or  more  meters 
may  be  erected  and  calibrated.  One  attendant  operates  the  switch- 
board, and  by  the  use  of  rheostats,  etc.,  maintains  the  exact  current 
and  voltage  required. 

For  the  testing  of  meters  in  service  three  methods  are  in  vogue — 

First — Testing  with  standard  instruments. — Second — Testing 
with  standard  resistances.     Third — Testing  with  standard  meters. 

For  testing  direct-current  meters  by  the  standard  instrument 
method  it  is  customary  to  employ  a  portable  voltmeter  and  am- 
meter or  preferably  a  milli-voltmeter  and  shunt  calibrated  to  read 
in  amperes. 

The  voltmeter  is  connected  to  the  circuit  as  near  as  possible  to 
the  points  to  which  the  potential  circuit  of  the  integrating  meter 
is  connected,  and  the  shunt  of  the  milli-voltmeter  is  connected  in 
series  with  the  field  coils  of  the  integrating  meter.  The  necessary 
load  for  testing  the  meter  is  obtained  by  the  use  of  portable  lamp 
banks  or  other  resistance,  water  rheostats,  or,  by  the  use  of  the  load 
on  the  consumer's  premises,  and  also  from  portable  cells  of  stor- 
age battery  (Fig.  5).  The  revolutions  of  the  meter  are  timed  by 
means  of  an  accurate  chronograph. 

For  testing  meters  on  alternating-current  circuits,  an  indicat- 
ing wattmeter  is  preferably  used  and  the  load  can  be  obtained 
as  above,  with  the  exception  of  the  battery,  which  cannot,  of  course, 
be  used.     A  small  portable  low-potential  transformer  is,  however, 


11  —  935 


GREEN:     AMERICAN  METER  PRACTICE.  935 

sometimes  used  by  some  companies.  For  testing  these  meters  on 
light  loads  standard  lamps  are  frequently  employed. 

The  standard  resistance  method  consists  in  the  employment  of  a 
specially  constructed  resistance  (Fig.  6)  calibrated  in  amperes  or 
watts  for  various  voltages,  the  corresponding  values  being  tabu- 
lated. By  connecting  the  resistance  across  the  line  and  in  series 
with  the  field  coils  of  the  meter  to  be  tested  and  ascertaining  the 
voltage  by  means  of  a  voltmeter,  the  load  on  the  meter  is  at  once 
determined.  This  method  is  usually  employed  only  for  testing 
the  smaller  sizes  of  meters,  and  the  boxes  are  so  constructed  as 
to  permit  of  testing  the  meters  on  both  light  and  large  loads. 

The  standard  meter  method  consists  of  the  use  of  a  specially 
calibrated  portable  meter  connected  in  series  with  the  meter  to  be 
tested.  Originally  it  was  customary  to  employ  an  ordinary  meter 
specially  calibrated  as  a  standard  for  this  purpose,  but  owing  to 
the  slight  torque  and  consequent  liability  to  inaccuracy  on  light 
loads,  this  method  was  found  to  be  unsatisfactory. 

Mr.  W.  S.  Mowbray,  of  the  Edison  Electric  Illuminating  Com- 
pany, of  Brooklyn,  N".  Y.,  has  designed  a  special  standard  meter 
(Fig.  7)  so  constructed  that  the  torque  at  all  loads  is  practically 
the  same.  The  objectionable  features  have  thus  been  eliminated 
and  testing  by  this  method  is  both  rapid  and  accurate.  By  the 
use  of  a  telephone  receiver  connected  to  the  standard  meter  it  is 
possible  for  one  man  to  perform  all  the  work  incident  to  the  testing 
of  tlie  wattmeter. 

The  ranges  of  his  present  standard  meter  are  1,  4,  20  and  80 
amperes  and  115  and  230  volts;  and  the  standard  can  therefore  be 
used  for  testing  all  meters  up  to  100  amperes  capacity  or  even 
somewhat  larger. 

Tools. 

It  is  extremely  desirable  to  provide  the  meter  tester  with  a  full 
equipment  of  tools  for  the  proper  performance  of  his  work,  and 
it  is  preferable  that  the  company  should  supply  these  tools  and 
exchange  for  new  ones  any  which  become  worn  or  damaged.  Un- 
der these  conditions  there  is  no  excuse  for  the  tester  being  provided 
with  any  tools  unfit  for  the  work. 

Equipping  the  tester  with  proper  tools  results  not  only  in  more 
efficient  work,  but  incidentally  has  a  moral  effect  upon  the  con- 
sumer, who  naturally  places  more  confidence  in  the  test  when  the 
tools  and  instruments  are  kept  in  the  best  possible  condition. 
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The  General  Electric  Company  supplies  a  pocket  kit  of  tools 
which  is  found  extremely  useful.  In  addition  to  this  kit  the 
tester  should  be  supplied  with  the  necessary  pliers,  tweezers,  screw- 
drivers, fine  files,  monkey  wrench,  sealing  press,  magnifying  glass, 
brushes,  needles,  alcohol  torch,  connectors  and  special  leads  for 
properly  performing  the  work.  A  small  rubber  syringe  is  fre- 
quently used  for  blowing  dust  out  of  the  commutators,  etc. 

Test  Record. 

It  is  customary  to  enter  the  records  of  the  test  on  specially 
printed  forms.  That  used  by  one  of  the  companies  is  shown 
opposite.     This  form  is  arranged  for  only  one  test. 

Each  company  arranges  its  test  records  to  best  suit  its  local  con- 
ditions, very  few  companies  using  exactly  the  same  form. 

Instead  of  issuing  a  separate  card  for  each  test,  some  companies 
prefer  to  use  one  card  for  a  number  of  tests.  These  cards  are  then 
usually  filed  according  to  the  company's  serial  numbers  of  the 
meters  and  serve  as  a  card  index  of  the  tests. 

Code. 

In  order  to  lessen  the  work  of  recording  the  adjustments,  etc., 
various  codes  have  been  adopted,  one  of  which  is  as  follows: 


A. 

Armature. 

M. 

Magnets. 

B. 

Brushes. 

N. 

Wing  nut. 

C. 

Commutator. 

0. 

Cover  (outside). 

CO. 

Compensating  coil. 

P. 

Phasing  coil  or  coils. 

D. 

Disc. 

Q. 

Shunt  circuit,  secondary. 

E. 

Shaft  end. 

R. 

Resistance. 

F. 

Field  coils,  main  coils. 

S. 

Shaft. 

G. 

Counter  gearing,  counter. 

T. 

Top  bearing. 

H. 

Hands  on  counter. 

U. 

Wiring  (size,  state,  etc.). 

I. 

Impedance  coil. 

V. 

Vibration. 

J. 

Jewel. 

w. 

Worm. 

K. 

Compensator. 

WW. 

Worm  wheel. 

L. 

Level,  leveled. 

The  terms  generally  used  on  the  test  pages  or  cards  have  also 
been  abbreviated,  such  as  Adj,  adjusted;  Br,  bridged,  etc. 
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Meter  Serial  Numbers. 

Where  a  large  nmiiber  of  meters  are  in  service  it  has  been  found 
advisable  to  adopt  a  system,  of  serially  numbering  them  and  not 
depend  on  the  manufacturer's  numbers,  which  are  not  consecutive 
so  far  as  the  individual  lighting  company  is  concerned.  Some 
companies  number  their  meters  from  unity  up,  irrespective  of  the 
sizes  and  makes  of  the  meters. 

The  Philadelphia  Electric  Company  has  adopted  the  follo^ving 
system  of  numbering  meters  serially: 

The  number  of  the  meter  is  stamped  on  an  aluminum  plate  with 
a  Eoover  embossing  machine,  and  the  plate  is  then  riveted  to  the 
meter  cover. 

The  number  consists  of  two  parts  separated  by  a  letter  designat- 
ing the  make  of  the  meter.  The  first  part,  called  the  "  capacity 
number,"  indicates  the  capacity  of  the  meter  in  volts  and  amperes, 
and  also  if  two-  or  three-wire.  The  second  part  is  the  serial 
number  proper,  each  size  of  each  make  of  meter  being  numbered 
serially  from  "  1  "  up. 

The  capacity  number  always  consists  of  three  figures,  except  in 
the  case  of  three- wire  meters,  which  are  all  220  volts,  and  there- 
fore the  number  corresponding  to  the  voltage  is  omitted. 

The  voltages  in  round  numbers,  and  the  number  designating 
each,  are  as  follows: 

Volts.  Designating  Number. 

100  1 

200  2 

500  3 

1000  4 

2000  6 

5000  6 

The  letters  designating  the  make  or  name  of  the  meter  are  as 
follows : 

K  =  Fort  Wayne,  tj^pe  K  wattmeter. 
S  :^  Stanley  wattmeter. 
T  =  Thomson  recording  wattmeter. 
W  =  Westinghouse  wattmeter. 
Etc. 
The  ampere  capacities  of  all  meters  manufactured  in  America 
are  arranged  in  serial  order  and  numbered  consc\3utivcly.       The 
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ampere  capacities  of  the  meters  and  the  corresponding  "  capacity 
numbers"  for  the  different  voltages  are  as  follows: 


Capacity, 

Two- wire, 

Two-wire, 

Three-wire, 

Two-wire, 

amperes 

110  volts 

220  volts 

220  volts 

500  volts 

3 

101 

201 

1 

301 

31/2 

102 

202 

2 

302 

5 

103 

203 

3 

303 

71/2 

104 

204 

4 

304 

10 

105 

205 

5 

305 

15 

106 

206 

6 

306 

20 

107 

207 

7 

307 

25 

108 

208 

8 

308 

30 

109 

209 

9 

309 

40 

110 

210 

10 

310 

50 

111 

211 

11 

311 

60 

113 

212 

12 

313 

75 

113 

213 

13 

313 

80 

114 

214 

14 

314 

100 

115 

215 

15 

315 

Other  ampere  capacities  of  meters  manufactured  in  America  are 
as  follows: 

120,  125,  150,  200,  250,  300,  400,  450,  500,  600,  800,  1000, 
1200,  2000,  2500,  3000,  4000,  5000,  6500,  etc. 

For  preserving  a  record  of  the  meters  a  card  index  is  used. 
Cards  having  the  same  capacity  number  are  filed  together  serially 
for  each  make  of  meter,  the  different  capacity  numbers  being  sepa- 
rated by  guide  cards.  The  cards  are  arranged  under  "  Meters  in 
Service,"  "  Meters  in  Stock  "  and  "  Meters  Ordered,"  and  by  this 
means  the  total  number  of  every  size  and  make  of  meters  in  service, 
meters  in  stock  and  meters  on  order  can  readily  be  determined 
within  a  very  few  minutes. 

Following  are  examples  of  numbering: 
108  K  12  represents  110  v.,  2  w.,  25  amp.,  Ft.  Wayne  type  "  K" 

meter  No.  12. 
211  S  22  represents  220  v.,  2  w.,  50  amp.,  Stanley  meter  No.  22. 
303  T  32  represents  500  v.,  2  w.,  5  amp.,  Thomson  meter  No.  32. 
5  W  164  represents  220  v.,  3  w.,  10  amp.,  Westinghouse  meter 
No.  164. 
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Meter  Heading. 

Meters  are  usually  read  once  each  month  except  in  special  cases 
where  it  is  necessary  to  render  bills  weekly,  etc.  Where  a  small 
number  of  meters  are  in  use  it  is  usually  customary  to  read  ail  the 
meters  during  the  last  few  days  of  the  month  and  present  the  bills 
on  or  about  the  first  of  the  following  month.  \Yhere  this  method 
is  impracticable  owing  to  the  large  number  of  meters,  it  is  cus- 
tomary to  divide  the  city  into  sections  and  read  one  section  each 
day. 

Two  general  methods  of  recording  the  readings  are  in  vogue, 
viz. :  by  marking  the  positions  of  the  hands  or  pointers  on  a  printed 
fac-simile  of  the  meter  dials,  and  by  recording  the  reading  directly 
in  figures. 

The  advantages  claimed  for  the  first  method  are,  that  it  insures 
a  more  close  inspection  of  the  dial  by  the  reader,  as  he  is  required 
to  record  the  positions  of  the  hands  as  nearly  similar  as  possible 
to  their  positions  on  the  meters.  These  readings  also  furnish  a 
complete  record  of  the  movement  of  the  dial  hands,  which  in  the 
case  of  complaint  resulting  from  loose  or  misplaced  dial  hands, 
are  frequently  of  service  in  adjusting  the  matter. 

The  advantage  claimed  for  the  latter  method  is  that  it  is  some- 
what more  rapid  and  less  cumbersome. 

Many  different  styles  of  printed  forms  for  recording  the  dial 
statements  are  employed.  It  is  usually  customary  to  provide  for 
each  meter  a  separate  card  designed  for  one  yeat's  readings.  These 
cards  are  arranged  in  the  order  in  which  the  meters  are  to  be  read 
and  the  cards  for  any  meters  disconnected  can  thus  be  removed, 
and  the  cards  for  any  meters  added  can  be  inserted  in  their  proper 
positions. 

As  errors  in  meter  reading  frequently  result  in  inaccurate  bills 
which  are  exasperating  to  both  the  consumer  and  the  company,  it 
is  always  advisable  to  employ  as  meter  readers  only  those  men  who 
are  thoroughly  competent  and  trustworthy.  With  many  companies 
it  is  customary  to  alternate  the  men  in  the  different  sections  so 
that  no  man  reads  the  same  route  two  consecutive  months. 

Meter  readers  are  often  educated  and  instructed  to  make  a  super- 
ficial examination  of  the  meter,  wiring,  etc.,  and  to  report  anything 
defective  or  irregular. 
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Meter  Shop  akd  Laboratory. 

Every  company  having  a  sufficient  number  of  meters  and  instru- 
ments to  justify  the  necessary  expenditure,  should  have  a  thor- 
oughly equipped  meter  shop  and  laboratory. 

The  shop  should  be  equipped  with  a  lathe,  drill  press  and  all  the 
necessary  small  tools  and  should  also  contain  a  full  supply  of  all 
necessary  meter  parts  for  the  repairing  of  meters,  such  as  field 
coils,  jewels,  dial  faces,  armatures,  magnets,  etc.  The  company 
is  thus  enabled  to  repair  its  own  meters  and  save  the  expense  and 
delay  incident  to  the  return  of  the  meter  to  the  manufacturer. 
The  shop  should  be  provided  with  the  necessary  switchboards,  lamp 
banks,  etc.,  for  the  testing  of  all  classes  of  meters  in  use.  For 
testing  alternating-current  meters  on  inductive  loads  a  re-activc 
coil  having  a  capacity  of  75  to  100  amperes  will  be  found  very 
convenient,  and  should  be  constructed  to  enable  a  power  factor  of 
50  to  be  obtained.  The  shop  should  also  keep  a  supply  of  the 
necessary  tools  and  appliances  used  by  the  testing  force,  and  these 
it  can  keep  in  good  condition  and  thus  enable  the  men  to  be  sup- 
plied with  the  most  efficient  apparatus  only.  The  shop  will  be 
found  of  the  utmost  service  in  educating  new  men,  who  can  be 
initiated  at  once  into  the  repair  and  testing  of  all  types  of  meters 
used  by  the  company,  and  thus  become  more  conversant  with  the 
construction  of  the  meters  than  would  perhaps  be  otherwise 
possible. 

The  benefits  of  a  laboratory  to  a  company  are  apparent,  as  it 
enables  the  periodic  checking  of  the  instruments,  standard  resist- 
ances, etc.,  used  in  the  testing  of  integrating  meters,  thereby  insur- 
ing the  accuracy  of  -the  tests.  Periodic  checking  of  the  switch- 
board instruments  enables  the  station  manager  to  accurately 
measure  the  current  and  maintain  the  correct  voltage,  which  he 
recognizes  is  of  primary  importance. 

In  the  laboratory  can  be  repaired  and  calibrated  all  types  of 
portable  and  switchboard  instruments. 

In  some  companies  all  manner  of  testing  and  experimental 
work  is  conducted  by  the  laboratory,  such  as  the  testing  of  trans- 
formers, arc  and  incandescent  lamps,  motors,  engine  and  boiler 
tests,  the  analysis  of  oils  and  fuels,  battery  tests,  the  testing  of 
voltages,  etc.,  with  portable  and  recording  instruments,  photometric 
work,  and  making  efficiency  tests  on  private  plants,  etc.,  this  being 
a  partial  list  of  the  work. 

For-  meter   and   instrument   work   the   larger   companies   have 
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equipped  their  laboratories  with  various  original  standards  with 
which  to  periodically  check  their  laboratory  standards.  The  pri- 
moxj  standards  generally  consist  of  the  following  apparatus: 

A  standard  potentiometer,  such  as  the  Leeds  &  ISTorthrup,  Wolff, 
Queen,  etc.,  reading  to  1.5  volts  in  steps  of  .00001  volt. 

One  or  more  ratio  resistance  boxes,  for  use  with  the  potenti- 
ometer, having  ranges  of  15,  150,  300  and  600  volts. 

Two  Weston  or  Carhart-Clark  standard  cells. 

Standard  resistances  of  Keichsanstalt  form  of  1.,  .1,  .01,  .001 
and  .0001  ohm.  These  are  used  in  conjunction  with  the  potenti- 
ometer, and  also  as  standards  for  other  purposes. 

A  sensitive  galvonometer  of  the  Eowland-D'Arsonval  type  is 
necessary  for  the  potentiometer  and  is  also  used  for  other  purposes. 

A  megohm  resistance  box  and  other  high  resistance  standards 
varying  from  1000  ohms  to  100,000  ohms. 

A  Eowland  electro-dynamometer  and  shunt  box  which  will  meas- 
ure alternating  and  direct  currents  from  extremely  small  quanti- 
ties to  50  amperes;  alternating-  and  direct-current  potentials  from 
.005  to  600  volts;  watts  from  .001  to  25,000.  An  accurate  chro- 
nometer or  sweep  second  clock  is  necessary. 

The  Xational  Bureau  of  Standards,  Washington,  D.  C,  and  the 
Electrical  Testing  Laboratories,  New  York  City,  are  equipped  for 
verifying  and  standardizing  the  primary  standards. 

Secondary  standards  are  used  as  laboratory  working  standards, 
and  usually  consist  of  the  following: 

A  Weston  laboratory  standard  direct-current  voltmeter  having 
ranges  of  3,  15  and  150  volts. 

A  multiplier  of  2  and  4  for  the  150-volt  range.  Additional 
multipliers  of  10  and  20  are  sometimes  convenient. 

A  Weston  laboratory  standard  direct-current  milli-voltmeter  ar- 
ranged for  indicating  directly  in  milli-volts,  and  also  directly  in 
amperes  when  used  with  shunts. 

A  series  of  shunts,  to  be  used  in  connection  with  this  milli-volt- 
meter, having  capacities  of  1,  2,  5,  10,  20,  50,  100,  300,  600  or  1200 
amperes.  Also  a  set  of  standard  shunts  of  500,  1000  and  3000 
amperes  capacity. 

A  Weston  laboratory  standard  wattmeter  of  25  amperes  capacity 
for  alternating  currents  at  potentials  of  75,  150,  300  and  600  volts. 

A  i)ortable  testing  set,  current  and  watt-dynamometer,  Kelvin 
balances,  direct-reading  ohm-meter,  portable  galvanometer,  curve 


GREES:     AMERICAN  METER  PRACTICE.  94.3 

tracer,  etc.,  are  frequently  found  in  laboratories,  and  are  very  use- 
ful instruments. 

The  secondary  standards  are  checked  every  week  with  the  pri- 
mary standards,  and  if  found  inaccurate  are  properly  calibrated. 

The  smaller  companies  use  the  secondary  standards  for  their 
primary  standards. 

The  following  apparatus  and  appliances  will  also  be  found  in 
a  well-equipped  laboratory: 

Small  storage  batteries  to  obtain  any  voltage  up  to  600  volts. 

Alternating-current  potential  transformers  to  give  from  25  to 
600  volts  by  combination  of  turns  and  coils. 

Six  or  eight  cells  of  storage  battery  giving  1000  amperes  or  less 
at  low  voltage  by  different  combinations  with  switches,  etc. 

A  transformer  of  sufficient  capacity  to  give  400  or  500  amperes 
at  25  or  30  volts. 

Lamp  banks  for  25  and  110  volts,  supplemented  with  a  small 
rheostat  for  the  finer  adjustments. 

A  sliding,  tubular  or  circular  rheostat,  made  of  resistance  wire, 
for  potential  regulation. 

Eheostats  for  currents  not  exceeding  5  amperes. 

Eheostats  made  of  pencil  and  plate  carbon  for  currents  of  50 
amperes  or  less  to  be  used  in  connection  with  the  storage  battery. 
For  current  from  50  to  1000  amperes,  lengths  of  iron  wire  ter- 
minating in  mercury  cups,  and  jumpers  for  different  parallel  and 
series  combinations,  are  frequently  used. 

A  switchboard  for  properly  performing  the  work. 

Instructions. 

As  accuracy  in  meter  work  is  considered  of  paramount  import- 
ance in  America,  every  effort  is  made  to  attain  this  end,  which  can 
only  be  achieved  by  employing  men  thoroughly  skilled  and  in- 
structed. To  accomplish  this,  it  has  become  customary  for  many 
of  the  companies  to  issue  detailed  rules  or  instructions  covering 
all  branches  of  the  meter  work. 

The  advantages  of  such  rules  or  instructions  have  been  found 
to  be  manifold: 

First — The  employee  cannot  disclaim  responsibility  for  work 
wrongly  performed,  on  the  ground  of  insufficient  information  re- 
ceived from  his  superior. 

Second — The  new  employees  can  be  furnished  with  copies  of 
the  instructions,  and  can  therefore  instruct  themselves  with  less 
labor  or  their  own  part  and  that  of  their  superiors. 
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Third — The  writing  of  the  detailed  instructions  is  a  self-exam- 
ination on  the  part  of  the  writers,  and  frequently  shows  them  a 
deficiency  of  information  and  knowledge  on  subjects  with  which 
they  supposed  themselves  thoroughly  familiar. 

Fourth — The  periodic  revision  of  the  instructions  requires  close 
attention  to  all  details,  and  tends  to  the  elimination  of  the  inferior 
and  the  adoption  of  the  more  advanced  methods. 

Fifth — The  issuance  of  these  instructions  tends  to  a  uniform 
system  of  work  and  methods. 

As  an  example  of  the  instructions  the  following  are  extracts 
from  those  supplied  by  The  Philadelphia  Electric  Company: 

Routine  to  Be  Folloiued  ^Yllen  Making  a  Test. 

1).  Notify  the  consumer 'that  the  meter  is  to  be  tested,  and  ex- 
hibit the  meter  inspector's  badge. 

2).  Check  the  shop  nimiber  of  the  meter  with  the  number  en- 
tered on  the  test  serial  and  record. 

3).  See  that  the  current  is  on  the  meter  and  that  the  test  can 
be  made,  as  otherwise  the  time  spent  in  connecting,  etc.,  w411  be 
wasted. 

4).  Enter  the  time  of  arriving  at  the  premises. 

5).  Before  the  cover  is  removed  the  dials  should  be  read  by  both 
the  tester  and  assistant,  independently,  and  the  results  compared, 
entered  on  the  test  page,  and  verified. 

6).  Examine  the  seal  very  carefully  to  see  that  it  is  intact;  also 
record  under  "  Seal  Found  "  on  the  test  page  the  number  or  letter 
on  the  seal.     The  old  seal  must  be  defaced. 

7).  Examine  the  wiring  and  fuses  to  see  that  they  are  in  good 
order  and  that  no  tampering  has  been  done,  that  the  fuses  are  of 
the  proper  size,  that  the  connections,  erection  and  manner  of  in- 
stallation are  correct,  and  enter  anything  not  correct  under 
"  Eemarks."  Note  also  any  departure  from  the  standard  method 
of  connection. 

8).  Eemove  the  cover,  being  careful  that  it  does  not  strike  any 
parts  of  the  meter,  particularly  the  dial  hands. 

9).  Connect  the  instruments  and  translating  device  in  circuit, 
being  careful  that  the  meter  does  not  measure  the  potential  current 
of  the  instruments,  and  vice  versa. 

10).  Test  the  meter  as  found,  without  in  any  way  cleaning  or 
adjusting  it  and  also  determine  the  number  of  lamps  required 
to  start  it.     This  will  show  how  the  meter  has  been  operating. 
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11).  Note  under  "Level"  whether  the  meter  is  found  level  or 
not.     Level  it  accurately. 

12).  Examine,  adjust,  clean  and  repair  the  meter  as  may  be 
necessary.  If  the  meter  is  damaged  to  such  an  extent  as  to  neces- 
sitate its  removal  or  repair  by  a  meter  mechanic,  note  this  on  the 
test  page  under  "  Eemarks." 

13).  Calibrate  the  meter. 

14).  Take  the  statement  at  the  end  of  the  test  in  the  same  man- 
ner as  required  in  art.  5  and  turn  the  counter  back  to  its  original 
reading,  except  when  the  meter  is  bridged  and  the  consumer  uses 
current  during  the  test. 

15).  Enter  under  "Adj."  the  necessary  information,  and  enter 
under  "  Remarks  "  any  information  or  suggestions  which  will  be 
of  value. 

16).  Disconnect  the  instruments,  reconnect  the  meter  and  see 
that  all  connections  are  secure  and  properly  made. 

17).  Eeplace  the  cover  and  verify  the  statement  in  the  same 
manner  as  required  in  rule  5. 

18).  Seal  the  meter. 

19).  See  that  the  meter  is  in  proper  operative  condition,  and 
that  the  consumer  has  current,  particular  attention  being  paid  to 
each  side  of  a  three-wire  circuit. 

20).  Enter  the  time  of  leaving  the  premises. 

21).  See  that  all  data,  etc.,  as  required  on  the  test  record,  is 
entered. 

The  instructions  on  meters  are  usually  so  written  as  to  constitute 
a  reference  and  textbook  for  the  meter  men.  It  is  customary  to 
consider  separately  each  part  of  the  various  makes  of  meters  and 
to  point  out  the  various  adjustments  necessary  in  the  manufacture 
of  the  meter,  as  well  as  all  the  possible  troubles  which  occur  in 
meters  in  actual  service. 

The  following  are  extracts  from  instructions  on  Thomson  inte- 
grating wattmeters : 

Armature. 

The  angle  between  the  planes  of  any  section  of  the  armature 
and  its  corresponding  segment  of  the  commutator  is  about  90 
deg.  As  variations  from  the  correct  angle  affect  the  registra- 
tion of  the  meter,  the  angular  position  of  the  armature  in  relation 
to  the  commutator  segments  must  not  be  changed. 
Vol.  11  —  60 
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An  open  circuit  in  any  section  will  cause  the  meter  to  register 
too  low.  If  the  loop  is  broken  from  the  commutator  segment, 
there  will  be  a  jerky  movement  of  the  shaft  on  light  loads,  and  if 
the  meter  stops  with  the  brush  resting  on  the  segment  to  which  the 
loop  was  connected,  the  meter  will  not  start.  If  the  break  is  in 
one  of  the  sections,  the  meter  will  readily  run  on  light  loads;  but 
will  register  low  throughout  its  entire  range,  for  the  reason  that 
current  passes  through  but  one-half  of  the  armature.  The  break 
must  be  repaired  or  a  new  armature  substituted;  both  of  which 
usually  require  the  attention  of  the  meter  mechanic. 

If  the  insulation  of  the  wire  breaks  down,  thus  short-circuiting 
a  large  part  or  an  entire  section,  the  meter  will  register  too  low. 

Brushes. 

The  tension  of  both  brushes  should  be  the  same.  If  the  tension 
is  very  light,  there  may  be  sparking,  which  will  roughen  the  com- 
mutator and  thus  affect  the  accuracy,  especially  on  light  loads; 
if  very  heavy,  the  increased  friction  will  similarly  affect  the  ac- 
curacy on  these  loads,  in  both  cases  causing  the  meter  to  register 
too  low. 

The  tension  of  the  brushes  depends  largely  upon  the  local  con- 
dition, but  they  should  not  "  jingle  "  or  vibrate  when  the  brush 
is  sprung  about  three-eighths  of  an  inch  from  the  commutator, 
then  allowed  to  fly  back. 

To  increase  the  tension  of  the  brush  hold  the  brush  tool  parallel 
with  it,  and  push  against  the  brush  at  the  point  where  it  cun'es 
around  the  brush  stud.  The  brush  takes  a  permanent  "  set "  and 
usually  the  tension  required  can  be  obtained.  The  pressure  should 
not  be  applied  to  the  ends  of  the  fingers,  as  the  brush  is  apt  to  be 
bent  and  otherwise  damaged.  No  other  method  than  the  above 
should  be  used  for  increasing  the  tension,  unless  absolutely 
necessary. 

The  brush  fingers  should  lie  in  the  same  vertical  plane.  To 
determine  if  this  is  the  case,  spring  the  brush  from  the  commutator 
by  pressure  near  the  point  of  attachment  to  the  brush  bracket. 

Should  the  fingers  be  found  in  planes  inclined  to  the  vertical, 
grip  with  the  slotted  end  of  the  brush  tool  the  end  of  the  finger 
that  is  out  of  alignment  and  twist  it  until  it  "  sets  "  in  the  vertical 
plane. 

Should  the  fingers  lie  in  divergent  vertical  planes,  insert  the 
pointed  brush  tool  in  the  slot  of  the  brush,  bring  the  tool  nearly 
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vertical  and  push  towards  the  end  of  the  slot.  This  will  spring  the 
fingers  and  leave  them  in  the  same  plane.  It  is  necessary  to  have 
as  much  surface  contact  as  possible  between  the  brushes  and  the 
commutator.  By  placing  back  of  the  brushes  a  lamp  or  piece  of 
white  paper  the  tester  will  be  enabled  to  determine  the  amount 
of  contact. 

To  clean  the  brushes,  a  piece  of  worn  (not  new)  crocus  cloth 
can  be  placed  over  or  fastened  to  a  thin,  flat  stick  and  rubbed 
lengthwise  of  the  brush,  back  and  forth  over  the  contact  surface. 
A  shoestring  can  also  be  used  in  the  same  manner.  If  the  brush 
is  very  badly  worn,  it  is  necessary  to  use  a  fine  file  and  remove  the 
depression,  and  then  use  the  crocus  cloth  as  above.  Care  must  be 
exercised  not  to  damage  the  commutator  during  this  operation. 

No  current  should  be  on  the  potential  circuit  when  adjusting 
or  cleaning  the  brushes,  as  the  sparking  during  the  operation  will 
damage  the  commutator  and  brushes. 

It  is  rarely  necessary  to  clean  the  brushes  if  there  is  no  sparking, 
as  it  is  not  advisable  to  disturb  the  contact  conditions. 

Commutator. 

It  is  rarely  necessary  to  clean  the  commutator  unless  it  is  very 
dirty,  blackened,  or  rough,  due  to  sparking. 

If  this  condition  exists,  the  commutator  may  be  cleaned  with  a 
strip  of  fine  crocus  cloth,  about  one-quarter  of  an  inch  wide,  which 
has  previously  been  smoothed  on  a  screwdriver  or  other  piece  of 
metal.     Never  use  a  piece  of  new  crocus  cloth  on  the  commutator. 

Ordinarily  the  commutator  can  be  polished  with  a  shoe  string  or 
tape,  and  it  should  always  be  used  after  the  crocus  cloth.  The 
method  of  doing  this  is  to  carefully  pass  the  crocus  cloth  or  shoe 
string  around  the  commutator  between  the  brushes.  By  alternately 
pulling  on  the  ends,  the  shaft  will  be  caused  to  revolve  and  the 
commutator  will  be  polished.  Never  exert  sufficient  force  to  bend 
the  shaft.  An  air  syringe  should  be  used  on  the  commutator  to 
blow  out  dust  particles,  etc.,  as  these  cause  sparking. 

The  brushes  should  then  be  slightly  pressed  against  the  commu- 
tator by  the  thumb  and  finger  of  the  left  hand,  and  the  shaft 
revolved  in  one  direction  and  the  other  by  means  of  the  right 
hand.  If  impossible  to  use  the  fingers  for  this  purpose,  the  brush 
can  be  pressed  against  the  commutator  by  a  small  flat  stick  or 
screwdriver.  If  the  commutator  is  rough,  it  is  very  perceptible 
on  the  brushes;  and  by  these  alternate  revolutions  small  foreign 
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particles  between  the  segments  of  the  eommutator  are  dislodged. 
This  also  has  the  effect  of  making  a  better  bearing  between  the 
commutator  and  the  brushes ;  and  it  should  invariably  be  the  final 
operation  before  testing  the  meter  after  adjustment,  if  the  commu- 
tator has  been  cleaned. 

If  two  or  more  segments  of  the  commutator  are  short-circuited, 
thereby  short-circuiting  one  or  more  sections  of  the  armature,  the 
meter  will  always  register  too  low  throughout  its  entire  range. 

The  short  circuit  may  be  caused  by  small  pieces  of  metal  lodged 
between  the  segments  of  the  commutator,  or  lying  on  the  wooden 
ring  below  it.  The  particles  between  the  segments  may  be  dis- 
lodged by  carefully  passing  a  sharp-pointed  stick  of  hard  wood 
or  a  piece  of  fine  German  silver  wire  between  the  segments. .  The 
dust  on  the  ring  must  be  thoroughly  blown  off  with  the  syringe. 

To  determine  whether  the  commutator  is  short-circuited,  or  the 
armature  open-circuited,  measure  the  "  drop  "  across  the  brushes 
with  a  voltmeter. 

If  two  or  more  segments  of  the  commutator  are  short-circuited 
the  drop  will  be  variable  and  always  less  than  the  normal  drop. 

If  a  section  of  the  armature  is  open,  the  drop  will  be  greater 
than  the  normal,  and  the  same  across  any  section. 

If  the  loop  is  disconnected,  the  drop  will  be  normal  until  the 
brush  rests  on  the  commutator  segment  to  which  the  loop  was  con- 
nected, at  which  point  the  drop  will  greatly  increase. 

Judgment  must  be  exercised  to  determine  between  a  commutator 
blackened  through  sparking  and  one  simply  glazed  through  use, 
as  in  the  latter  condition  it  will  give  better  results  than  if  newly 
polished;  therefore,  the  commutator  and  brushes  should  be  cleaned 
only  when  absolutely  necessary. 

Compensating  coil. 

The  compensating  coil,  made  of  fine  wire,  is  placed  in  one  of 
the  field  coils,  in  series  with  the  armature  and  resistance.  Its 
effect  is  to  balance  the  friction  by  exerting  a  slight  torque  and 
its  action  is  especially  noticeable  on  light  loads.  When  the  effect 
of  the  friction  is  diminished  by  vibration,  the  action  of  the  coil 
may  then  be  too  strong  and  consequently  cause  the  meter  to  creep. 
The  coil  must  then  be  adjusted. 

By  moving  the  coil  from  the  armature  its  effect  is  decreased,  and 
by  moving  it  towards  the  arinature  its  effect  is  increased. 

All  meters  must  be  equipped  with  adjustable  compensating  coils. 
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It  is  desirable  to  visit  the  meter  after  the  commutator  and  brushes 
have  become  glazed  through  use,  and  adjust  the  compensating  coil 
for  the  increased  friction. 

Counter. 

The  gears  in  the  counter  are  of  the  finest  clock  work,  being 
all  specially  cut,  and  any  rough  usage  may  raise  burs,  which  will 
increase  the  friction  and  possibly  stop  the  meter.  Dust  will  also 
increase  the  friction,  and  it  is  therefore  necessary  to  keep  the 
counter  as  clean  as  possible.  If  it  is  found  to  be  very  dirty,  ben- 
zine may  be  used  to  remove  the  dirt.  The  face  should  always  be 
kept  clean. 

Special  attention  should  be  given  to  the  worm  and  the  worm- 
wheel  to  see  that  they  mesh  properly  and  without  friction.  To 
determine  this  move  the  worm-wheel  back  and  forth  with  the 
fingers  and  the  amount  of  play  is  immediately  apparent.  The 
other  gears  must  also  have  sufficient  play,  and  this  can  be  deter- 
mined in  the  same  manner. 

The  gears  should  be  rigidly  fastened  to  their  shafts,  and  each 
should  be  tested  separately.  At  times  wheels  have  been  found 
loose  and  sometimes  bent  sufficiently  to  interfere  with  the  proper 
working  of  the  meter. 

The  dial  hands  or  pointers  must  be  rigidly  fastened  to  their 
shafts  and  in  the  proper  relative  positions,  as  otherwise  the  read- 
ing is  not  correct.     The  hands,  if  bent,  should  be  straightened. 

The  counter  must  always  be  on  the  meter  when  it  is  calibrated. 

When  replacing  the  counter,  care  should  be  taken  that  the  worm 
and  worm-wheel  are  not  damaged.  The  shaft  should  be  revolved 
after  the  counter  has  been  replaced  in  order  to  determine  that  the 
worm  and  worm-wheel  are  meshing  properly. 

Cover. 

The  cover  must  be  in  good  condition  and  the  inside  should  be 
wiped  out  and  the  glass  thoroughly  cleaned.  The  cover  should 
be  held  between  the  tester  and  the  light  in  order  to  determine  if 
any  holes  exist  through  which  wire,  etc.,  may  be  inserted  to  inter- 
fere with  the  working  of  the  meter.  See  that  the  dial  glass  has 
not  been  removed,  and  that  the  dial  hands  have  not  been  tampered 
with.     The  cover  must  fit  closely  around  the  base  of  the  meter. 

Creep. 

When  the  meter  is  properly  installed  and  the  potential  (but 
no  load)  is  on  the  meter,  tapping  the  base  with  the  fingers  will 
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cause  the  disc  to  creep  counter  clockwise.  This  is  due  to  the 
action  of  the  compensating  coil,  and  shows  that  the  meter  is  prop- 
erly connected. 

If  the  meter  shows  a  tendency  to  creep,  due  to  vibration,  when 
the  adjustable  compensating  coil  is  moved  as  far  as  possible  from 
the  armature,  the  creep  can  be  stopped  by  clamping  on  the  edge  of 
the  disc  a  small  staple-shaped  piece  of  iron  wire.  This  wire  can 
be  adjusted  to  stop  the  creep  without  affecting  the  accuracy  of  the 
meter.  It  is  only  necessary  to  adjust  this  clip  to  stop  at  the  mag- 
net nearest  to  the  edge  of  the  disc,  as  in  such  a  case  a  meter  can 
not  creep  more  than  one  revolution.  The  utmost  care  must  be 
exercised  in  adjusting  this  clip,  and  it  must,  under  no  conditions 
extend  under  the  magnet  jaws.  After  placing  the  clip  on  the  disc 
re-test  the  meter  on  both  light  and  full  loads  and  see  that  the 
meter  will  start  on  the  requisite  number  of  lamps.  If  the  clip  is 
not  properly  adjusted,  it  will  materially  affect  the  meter  on  light 
loads,  and  may  prevent  it  from  starting  even  on  a  full  load.  A 
clip  should  not  be  used  unless  absolutely  necessary. 

Field  coils. 

The  appearance  of  shellaced  field  coils  will  show  when  a  meter 
has  been  overloaded.  A  dull  color,  and  sometimes  small  bubbles, 
indicate  that  the  shellac  has  been  overheated.  The  load  should 
be  investigated  to  see  that  the  meter  is  of  sufficient  capacity. 

Formula. 

The  formula  for  calculating  the  watts  registered  is: 
Meter  watts  =  3600  S  KJT. 
Where  <S  =  Number  of  revolutions  of  disc  counted. 

£'  =  Test  constant,  or  number  of  watt-hours  registered  on 

the  dial  for  each  revolution  of  the  disc. 
T  =  Number  of  seconds  indicated  by  stop  watch  and  cor- 
responding to  the  number  of  revolutions  of  the  disc 
counted. 

The  number  of  seconds  of  each  reading  should  never  be  less 

than  thirty,  and  forty  to  sixty,  or  even  more  are  frequently 
preferable. 

To  calculate  the  "  Percent  Accuracy  "  of  the  meter,  divide  the 
meter  watts  by  the  standard  watts. 

It  is  preferable  to  make  the  calculations  with  a  slide  rule,  as 

this  method  saves  time  and  is  less  liable  to  error. 
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Jewel. 

Tlae  jewel  stone  consists  of  either  a  small  cup  of  sapphire,  a 
flat  diamond  with  a  ring  stone  or  a  cup  diamond,  inserted  in  the 
rounded  end  of  a  square  brass  plunger  which,  in  order  to  give  an 
elastic  bearing,  is  supported  on  a  small  spiral  compression  spring 
in  the  jewel  screw. 

The  jewel  should  be  thoroughly  cleaned  with  a  pointed  stick, 
covered  with  chamois  skin,  and  then  tested  with  a  sharp  pointed 
needle  held  normal  to  its  surface;  and  if  found  cracked  or  rough 
it  should  be  replaced  by  a  new  one.  Care  must  be  exercised  not 
to  bear  too  heavily  with  the  needle,  as  the  jewel  may  be  scratched 
during  the  operation.  This  refers  particularly  to  the  sapphire 
jewel.  If  uncertain  of  the  condition  of  the  jewel,  alternately  test 
it  and  a  perfect  jewel,  when,  by  comparison,  any  defect  is  at  once 
apparent.  Too  many  jewels  should  not  be  tested  with  the  same 
needle,  as  the  latter  becomes  blunted.  It  is  always  advisable  to 
put  oil  on  the  jewel.  The  meter  should  never  be  moved  with  the 
shaft  resting  on  the  jewel. 

Magnets. 

Experience  shows  that  in  service  the  magnets  in  meters,  espe- 
cially those  on  direct-current  circuits,  are  often  weakened  by  short 
circuits,  the  cause  being  the  excessive  magnetic  fields  developed 
in  the  field  coils,  and  the  momentary  speeding  of  the  disc.  The 
effect  is  usually  a  decrease  in  the  strength  of  the  magnets  and 
a  resulting  increase  in  the  speed  of  the  meter. 

The  magnets  must  be  cleaned,  as  foreign  particles  are  apt  to 
become  attached  to  the  poles  and  rub  on  the  disc,  thus  affecting 
the  accuracy,  especially  on  light  loads. 

By  moving  the  magnets  from  the  shaft,  the  speed  of  the  disc 
is  decreased,  and  by  moving  them  towards  the  shaft,  the  speed 
is  increased.  These  adjustments  should  be  made  for  large  loads 
only,  but  they  will  also  affect  the  calibration  of  the  meter  on  light 
loads. 

The  poles  of  the  magnets  should  never  be  nearer  the  edge  of  the 
disc  than  about  one-eighth  of  an  inch,  as,  when  nearer,  the  mag- 
netic lines  pass  around  the  edge  of  the  disc,  instead  of  cutting 
through  it. 

When  the  magnets  are  so  weakened  that  moving  them  to  within 
the  above  distance  will  not  suflSciently  retard  the  speed,  the  mag- 
nets should  be  changed. 
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Seal 

Before  leaving  the  meter  it  must  be  sealed,  and  in  such  a  manner 
that  the  seal  cannot  be  removed  without  breaking  the  seal  wires. 

Shaft. 

The  shaft  must  be  straight.  To  determine  if  straight,  adjust 
the  top  bearing  to  inclose  just  the  end  of  the  shaft,  and  the  latter 
should  then  be  revolved.  If  the  motion  is  eccentric,  it  shows  the 
shaft  is  bent,  and  the  bend  is  most  likely  to  occur  at  the  top  where 
the  shaft  is  turned  down  to  fit  into  the  top  bearing  stud.  The 
shaft  must  be  straightened  if  bent,  as  otherwise  the  worm  will  not 
mesh  properly  with  the  worm-wheel.  The  shaft  may  be  bent  at 
the  shoulder  where  it  is  turned  down  to  fit  the  disc  hub,  and  this 
will  cause  the  disc  to  run  untrue.  In  both  cases  it  is  usually 
necessary  to  have  repairs  made  by  the  meter  mechanic  from  the 
shop. 

The  worm  may  be  cleaned  with  a  tooth  brush  or  by  pressing  the 
sharpened  edge  of  a  piece  of  soft  wood  against  it  and  revolving 
the  shaft.  The  stick  should  be  sharpened  with  the  grain,  which 
will  allow  the  worm  to  cut  into  it  and  thus  facilitate  the  removal 
of  the  dirt. 

Care  must  be  exercised  not  to  bear  with  sufficient  force  to  bend 
the  shaft. 

Shaft  End. 

The  shaft  end  must  be  smooth  and  not  worn.  It  should  be 
examined  with  a  magnifying  glass,  but  where  a  jewel  has  been 
roughened  and  replaced,  it  is  advisable  to  put  in  a  new  shaft  end 
on  the  new  jewel. 

In  order  to  prevent  rusting,  care  should  be  taken  not  to  handle 
the  shaft  end  with  the  fingers. 

When  removing  the  shaft  end,  start  it  with  a  solid  wrench  and 
remove  it  with  a  split-end  wrench.  While  held  with  the  latter,' 
screw  it  into  an  old  shaft,  and  it  can  then  be  examined  witliout 
handling. 

Never  touch  the  shaft  end  with  anything  except  a  piece  of 
chamois  or  soft  wood,  as  it  is  very  easily  scratched. 

Three-wire  Meters. 

Three-wire  220-voltmcter8  can  be  tested  as  two-wire  110-volt- 
meters  by  connecting  the  field  coils  in  series. 
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The  current  should  be  taken  from  the  same  side  of  the  system 
as  that  to  which  the  potential  circuit  is  connected,  and  the  con- 
stant must  be  halved  when  calculating  the  watts  registered. 

Top  Bearing  Stud. 

The  top  bearing  stud  should  be  cleaned  by  inserting  a  small 
stick  of  wood,  and  then  turning  it,  which  will  usually  wipe  out 
the  dirt.  Never  blow  through  the  hole  with  the  breath,  but  use 
the  air  syringe.  When  adjusting  the  height  of  the  shaft  the  set 
screw  should  be  loosened,  thus  leaving  the  stud  free. 

The  top  bearing  should  be  set  to  inclose  about  one-half  of  the 
reduced  section  of  the  shaft,  and  after  this  adjustment  is  made, 
the  shaft  should  be  pushed  downward  on  the  jewel  to  see  that  the 
end  does  not  come  out  of  the  top  bearing. 

The  hole  should  be  just  sufficiently  large  to  allow  the  shaft  to 
run  freely.  If  too  large,  the  teeth  of  the  worm  and  the  worm- 
wheel  may  jam;  and  if  too  small,  friction  will  result. 

Vibration. 

Vibration  may  cause  sparking  at  the  brushes,  and  the  brush 
tension  should  then  be  increased. 

Vibration  also  materially  affects  the  life  of  the  jewel,  as  the 
vibration  of  the  shaft  on  the  jewel  wears  the  latter  more  than  the 
rotation  of  the  moving  element. 

Excessive  wear  of  the  top  bearing  and  of  the  end  of  the  shaft 
also  results,  and  these  parts  should  always  be  thoroughly  inspected. 

Instrumejits. 

1).  All  indicating  instruments  used  for  testing  integrating 
meters  contain  light  moving  parts  mounted  on  shafts,  pivoted  in 
jewel  bearings.  The  instruments  must,  therefore,  be  handled  with 
the  utmost  care;  as  shocks  and  jars  blunt  the  shaft  pivots  and 
damage  the  jewels,  thereby  materially  affecting  the  sensitiveness 
and  accuracy  of  the  instruments. 

Instruments  must  never  be  placed  on  the  floors  or  hard  seats  of 
moving  trolley  and  railroad  cars,  but  should  be  carried  in  the 
hands  or  on  the  lap;  nor  must  they  be  laid  on  work  benches  and 
other  supports  which  are  jarred  by  hammering  or  otherwise. 

If  an  instrument  is  allowed  to  fall  it  may  be  completely  ruined. 

2).  Never  connect  an  instrument  in  circuit  unless  absolutely 
certain  its  range  is  sufficient  for  the  current  or  voltage  to  be  meas- 
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ured.  Should  its  capacity  be  insufficient,  the  pointer  might  be 
bent,  or  the  instrument  burned  out  in  consequence.  It  is,  there- 
fore, best  to  connect  instruments  having  more  than  one  range  so 
that  the  first  reading  will  be  on  the  scale  having  the  greatest  value ; 
then  noting  the  indication,  the  leads  can  be  changed  so  as  to  bring 
the  reading  on  the  scale  which  is  the  best  suited  for  the  amount 
indicated. 

An  instrument  should,  if  possible,  never  be  connected  in  circuit 
so  as  to  cause  it  to  read  backwards,  as  the  pointer  might  be  bent 
in  consequence. 

3).  When  in  use,  instruments  should  be  kept  as  nearly  level  as 
possible,  and  they  should  remain  in  the  same  place  from  the  start 
to  the  finish  of  the  test. 

They  should  be  kept  clear  of  motor  and  other  magnetic  fields 
and  of  large  masses  of  iron,  and  also  from  lamp  banks  and  other 
sources  of  great  heat,  all  of  which  are  apt  to  affect  the  readings. 

When  instruments  are  in  circuit  with  their  scales  in  line  with 
each  other  they  should  never  be  nearer  than  one  foot,  as  the  in- 
fluence of  one  affects  the  accuracy  of  the  other  and  they  will  not 
usually  indicate  correctly  if  any  closer.  If  the  scales  are  at  right 
angles  the  instruments  may  be  placed  immediately  next  to  one 
another.  If  undecided  as  to  whether  the  current  is  alternating  or 
direct,  hold  a  permanent  magnet  to  a  lighted  incandescent  lamp 
connected  to  the  same  circuit  and  if  the  filament  inclines  toward 
the  magnet  it  is  direct  current.  If  the  filament,  however,  vibrates 
so  rapidly  as  to  give  the  appearance  of  broadening  out,  it  is  alter- 
nating current. 

4).  Wire  ends  and  other  conductors  must  not  touch  the  metallic 
cases,  as  instruments  have  sometimes  been  seriously  damaged  in 
consequence. 

5).  When  the  pointer  is  bent  or  the  registration  is  inaccurate, 
the  instrument  should  be  sent  to  the  laboratory  for  repairs  and 
calibration.  Instruments  are  tested  weekly,  but  if  any  uncertainty 
as  to  their  accuracy  exists,  always  send  the  instruments  to  the 
laboratory  to  be  tested. 

Direct-current  Instruments. 

6).  The  instruments  used  for  testing  integi-ating  meters  on 
direct-current  circuits  are  voltmeters,  ammeters  and  milli-volt- 
mcters  with  shunts. 


GREEN:     AMERICAX  METER  I'R ACTIVE.  955 

7).  The  Weston  instruments  are  used  by  this  company,  and  as 
these  instruments  contain  permanent  magnets,  they  must  not  be 
brought  within  the  range  of  the  strong  magnetic  fields  of  dynamos 
and  motors. 

8).  The  coil  carr}'ing  the  pointer  is  wound  on  a  metal  form 
which  moves  in  a  strong  magnetic  field,  and  consequently  its  move- 
ments are  checked  or  dampened.  These  instruments  are,  there- 
fore, "  dead  beat "  and  the  pointer  comes  to  rest  almost  instantly. 
Ordinarily  the  pointer  will  not  strike  the  case  with  sufficient  force 
to  be  bent,  but  short  circuits  and  overloads  may  effect  this  result. 

9 ) .  Good  contact  must  be  made  between  the  leads  and  the  bind- 
ing posts.  The  leads  must  be  kept  off  the  ground,  as  otherwise 
short  circuits  may  result.  This  applies  particularly  in  districts 
where  the  neutral  is  grounded. 

Voltmeters. 

10).  Voltmeters  used  on  direct-current  circuits  usually 
have  two  scales — one,  zero  to  150,  and  the  other,  zero  to  300 
volts.  As  these  instruments  are  most  accurately  calibrated  at 
about  110  and  220  volts  on  the  two  scales  respectively,  it  is,  there- 
fore, advisable  to  use  the  scale  best  suited  to  the  voltage  to  be 
measured. 

11).  The  voltmeters  should  be  connected  on  the  service  side  of 
the  integrating  meter,  when  testing  meters  on  light  loads,  and 
to  the  points  to  which  the  potential  meter  leads  are  connected  when 
testing  on  large  loads.  This  is  desirable  on  account  of  the  drop 
in  the  field  coils. 

Ammeters. 

12).  It  is  ordinarily  not  advisable  to  use  ammeters  for  testing, 
owing  to  the  difficulty  of  reading  small  currents  on  instruments 
of  sufficient  capacity  to  test  25-ampere  meters  and  larger.  There 
is  also  often  a  temperature  error  when  the  instrument  remains  too 
long  in  circuit. 

13).  When  an  ammeter  is  used,  it  must  not  be  so  connected  as 
to  measure  the  current  consumed  in  the  potential  circuit  of  the 
integrating  meter. 

Milli-Y oltmeters  with  Shunts. 

14).  A  milli-voltmeter  calibrated  for  use  with  a  shunt  usually 
does  not  measure  true  milli-volts.     The  instrument  most  used  by 
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US  has  150  small  divisions  on  the  scale,  and  the  shunt  box  contains 
three  shunts  marked  1.5,  15  and  75  amperes.  Therefore,  the 
divisions  on  the  scale  for  each  ampere  are  100,  10  and  2  respec- 
tively. The  main  leads  are  connected  in  the  binding  posts  on 
the  current  side  of  the  shunt  box,  and  the  special  instrument  leads 
to  the  corresponding  binding  posts  on  the  instrument  side.  These 
leads  are  furnished  with,  and  have  the  same  number  as,  the  instru- 
ment; and  under  no  conditions  must  any  other  leads  be  used,  or 
the  lengths  of  the  leads  be  changed. 

15).  When  changing  connections  or  load,  etc.,  disconnect  from 
the  instrument  the  lead  not  attached  to  binding  post  marked  +  on 
the  shunt,  and  place  this  end  under  any  one  of  the  unused  instru- 
ment binding  posts  on  the  shunt.  A  short  circuit  or  overload, 
which  will  not  affect  the  shunt  when  the  instrument  is  discon- 
nected, may  bend  the  pointer  and  burn  out  the  small  coils  in  both 
the  shunt  box  and  the  instrument  when  the  latter  is  connected. 

16).  The  instrument  leads  should  be  covered  with  rubber  tubing 
and  kept  clear  of  the  ground.  At  times,  reverse  readings,  due  to 
leakage,  have  resulted  from  lack  of  this  precaution. 

17).  In  districts  where  the  neutral  is  grounded,  it  is  imperative, 
where  possible,  to  have  the  neutral  wire  connected  to  the  shunt, 
as,  under  these  conditions,  no  short  circuit  would  result  if  the 
terminal  of  the  instrument  lead  makes  contact  with  the  ground. 

18).  llany  of  the  milli-voltmeters  are  supplied  with  additional 
shunt  boxes  for  currents  of  150,  300  and  600  amperes. 

Alternating-current  Instruments. 

19).  Instruments  used  for  testing  integrating  meters  on  alter- 
nating-current circuits  are  voltmeters,  ammeters  and  wattmeters. 

20).  These  instruments  do  not  contain  permanent  magnets;  and 
while  they  may  be  used  on  direct  current,  it  is  necessary,  in  the 
latter  case,  to  make  reverse  readings  and  to  take  the  mean.  This 
is  inconvenient,  and  when  employed  in  actual  service,  often  inac- 
curate; consequently,  these  instruments  should  not  be  used  on 
direct-current  circuits. 

21).  Instruments  with  permanent  magnets,  besides  being  un- 
suitable, may  be  ruined  if  connected  to  an  alternating-current  cir- 
cuit.    They  must,  therefore,  never  be  connected  on  such  circuits. 

22).  Alternating-current  instruments  are  not  permanently  in- 
jured if  brought  within  the  fields  of  motors  and  dynamos.  They 
are,  however,  when  in  use,  more  susceptible  to  the  influence  of 
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magnetic  fields  than  the  direct-current  instruments;  and  special 
care  must  be  exercised  to  keep  them  away  from  such  fields  and 
any  masses  of  iron. 

23).  It  is  always  advisable  to  twist  the  current  leads  to  the 
alternating-current  instruments,  as  otherwise,  the  unneutralized 
,field  from  the  leads  will  materially  affect  the  accuracy  of  the 
instrument. 

24).  These  instruments  are  generally  not  "dead  beat"  and  con- 
sequently the  pointer  must  be  carefully  released  and  its  motion 
checked  by  the  contact  key,  as  otherwise,  the  pointer  will  be  bent 
and  the  jewels  injured.  The  contact  key  should  only  be  depressed 
when  a  reading  is  to  be  taken. 

25),  These  instruments  have  heavier  moving  parts  and  less  con- 
trol than  the  direct-current  instruments  and  are  therefore  more 
liable  to  derangement.  The  pointer  will  more  frequently  show  a 
zero  error.  Always  allow  the  pointer  to  return  to  zero  when  the 
instruments  are  not  in  use,  as  otherwise  the  springs,  which  are  very 
delicate,  take  a  permanent  set,  thus  affecting  the  readings,  and 
causing  the  pointer  to  remain  off  zero. 

26).  Never  wipe  off  the  glass  or  rubber  top  just  before  taking  a 
reading,  as  this  will  electrify  it  and  render  the  reading  incorrect. 
Wlien  the  pointer  will  not  return  to  zero,  due  to  a  static  charge, 
breathe  on  the  glass,  and  by  this  means  the  charge  will  be  dissi- 
pated— allowing  the  pointer  to  return  to  zero. 

27).  The  instrument  will  be  affected  if  its  parts  are  statically 
charged  or  if  the  integrating  meter  which  is  being  tested  is 
charged.  Sometimes  it  is  necessary  to  ground  the  meter  or  one  of 
the  main  wires,  and  this  is  frequently  the  case  when  testing  pri- 
mary meters.  The  grounding  should  always  be  done  through  a 
l-ampere  fuse  wire  at  least  6  ins.  long,  and  preferably  inclosed 
in  tape,  as  in  case  the  other  side  of  the  circuit  is  grounded, 
a  "  dead  "  short  circuit  would  result. 

Alternating-current  VoUm cters. 

28).  The  instruments  most  suitable  for  our  work  have  scales 
with  two  ranges,  zero  to  150  and  zero  to  300  volts.  The  portion 
of  the  150-volt  scale  most  generally  used  is  divided  so  that  the 
value  of  each  small  division  is  one  volt.  The  small  divisions  on 
the  300-volt  scale  have  a  value  of  2  volts  each. 

The  voltmeter  must  not  be  left  in  circuit  continuously,  but  the 
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circuit  must  be  broken  after  each  reading  by  means  of  the  contact 
key. 

29).  A  thermometer  is  placed  in  the  instrument,  and  the  pointer 
of  the  temperature  regulator  should  be  set  at  the  figure  which  cor- 
responds most  closely  to  the  indication  of  the  thermometer. 

30).  For  pressures  exceeding  300  volts,  multipliers  for  the 
larger  scale  of  the  instrument  are  supplied. 

31).  Multipliers  should  be  clean  and  dry,  as  otherwise  they  may 
bum  out,  damage  the  instrument,  or  cause  it  to  read  incorrectly. 
If  brought  from  a  cold  into  a  hot  atmosphere,  they  should  not  be 
used  for  ten  or  fifteen  minutes,  in  order  to  allow  the  multiplier  to 
assume  the  temperature  of  the  surrounding  air,  and  the  condensa- 
tion of  moisture  on  the  resistance  to  evaporate. 

32).  The  voltmeter  must  be  connected  on  the  service  side  of  the 
integrating  meter,  vrhen  testing  meters  on  light  loads,  and  to  the 
points  to  which  the  meter  potential  leads  are  connected  when  test- 
ing on  large  loads.  This  is  necessary  in  order  that  the  voltmeter 
will  receive  the  same  voltage  as  does  the  meter. 

33),  When  a  voltmeter  is  connected  to  a  motor  circuit,  the  con- 
tact key  must  be  released  before  the  motor  is  shut  down,  as  the 
back  e.m.f.  may  seriously  damage  the  instrument. 

Alternating -current  Amm  eters. 

34).  There  are  no  thoroughly  reliable  portable  alternating-cur- 
rent ammeters  for  accurate  testing,  and  for  this  reason  they  are 
seldom  employed  for  this  work.  When  they  are  used,  they  should 
be  calibrated  just  before  the  test  is  made.  Their  principal  use  is 
for  determining  the  power  factor. 

Wattmeters. 

35).  The  wattmeter  is  a  combination  of  a  voltmeter  and  an 
ammeter,  so  designed  that  it  will  measure  true  watts  and  not 
necessarily  the  volts  multiplied  by  the  amperes.  This  is  the  only 
instrument  which  will  correctly  measure  the  energy  of  inductive 
loads;  and  the  quotient  of  the  true  watts  divided  by  the  volt- 
amperes  is  the  power  factor. 

37).  The  Weston  wattmeters  are  made  in  the  following  sizes: 
No.  1,  2  amperes;  No.  2,  10  amperes;  No.  3,  25  amperes;  No.  4, 
50  amperes;  No.  5,  100  amperes;  No.  6,  200  amperes. 

38).  Wattmeters  of  the  above  sizes  are  kept  at  the  laboratory, 
and  at  least  one  of  each  of  tliese  sizes  is  provided  with  a  multiplier 
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of  2  and  4;  and  the  instruments  can  be  used  on  circuits  of  220 
and  500  volts. 

39).  As  the  capacity  in  amperes  and  volts  is  limited,  care  must 
be  exercised  that  neither  of  the  limits  is  exceeded,  as  otherwise  the 
instruments  may  be  burned  out.  When  testing  on  inductive  loads, 
the  watts  give  but  little  indication  of  the  current  or  voltage. 

If  there  is  any  uncertainty,  a  voltmeter  and  ammeter  should  be 
used  in  conjunction  with  the  wattmeter. 

40).  The  potential  circuit  binding  posts  "+  or  — "  must  be 
connected  to  the  same  lead  which  is  connected  to  the  binding  posts 
of  the  current  coils.  The  special  use  of  this  post  is  to  determine 
the  wattage  of  a  bank  of  lamps,  or  other  translating  device.  The 
potential  circuit  is  then  connected  directly  at  the  lamps,  and,  con- 
sequently, receives  the  same  voltage  as  the  lamps,  any  drop  in 
the  main  wires  being  eliminated  from  the  measurement. 

It  will  be  seen  that  the  current  for  the  potential  circuit  when 
thus  connected  passes  through  the  current  coils,  and  therefore 
should  be  indicated  by  the  instrument.  To  eliminate  this,  the 
"  +  or  —  "  potential  binding  post  is  connected  to  a  compensating 
coil  with  poles  opposed  to  the  current  coils,  and  the  instrument 
therefore  does  not  indicate  the  current  used  in  its  potential  circuit. 

If  a  lead  of  opposite  polarity  to  that  connected  to  the  current 
coils  is  connected  to  the  "  +  or  —  •"  potential  post,  there  would  be 
the  maximum  difference  of  potential  between  the  field  and  com- 
pensating coils,  which  usually  burns  out  the  latter. 

41).  The  independent  post  mark  "  Ind."  should  be  connected  to 
the  same  side  of  the  circuit  to  which  the  current  coils  of  the  in- 
strument are  connected.  When  measuring  small  loads  the  poten- 
tial leads  should  be  connected  to  the  lines  on  the  service  side  of 
the  meter,  as  by  this  arrangement  neither  the  meter  nor  the 
instrument  measures  the  current  consumed  in  the  potential  circuit 
of  the  other. 

42).  When  testing  on  large  loads  the  potential  leads  should  be 
connected  at  the  points  where  the  potential  wires  of  the  integrating 
meter  are  connected.  The  integrating  meter  will  then  measure 
the  current  in  the  potential  circuit  of  the  instrument,  but  as  the 
amount  is  only  about  two  watts  it  may  be.  neglected.  Whenever 
possible,  the  instrument  should  be  so  connected  that  neither  the 
meter  nor  the  instrument  measures  the  potential  circuit  of  the 
other. 
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43).  If  the  instrument  indicates  backwards,  when  connected  as 
stated,  reverse  the  connections  to  the  current  coils. 

44).  When  a  multiplier  is  used  it  must  be  connected  in  series 
with  the  wire  attached  to  the  150-volt  potential  post,  and  never 
with  the  "  Ind."  or  +  or  —  potential  post,  as  the  instrument  will 
invariably  burn  out. 

45).  When  wattmeters  with  "Ind."  potential  posts  are  used  to 
measure  the  energy  consumed  by  inductive  translating  devices,  the 
instrument  should  be  connected  so  that  the  "  Ind."  potential 
post  can  be  used.  When  the  +  or  —  post  is  used  the  instrument 
may  not  indicate  correctly  on  account  of  the  phase  relations. 

Appendix. —  Printed  Information  on  Electric  Meters. 

Lyman  C.  Reed.  "American  Meter  Practice."  1903.  McGraw 
Publishing  Co. 

International  Correspondence  School  Textbook,  "  Electric  Light- 
ing and  Street  Eailways."  Vol.  2,  Sec.  14,  pages  79  to  102 
inc. 

J.  A.  Fleming.  "  Hand  Book  for  Electrical  Laboratory  and  Test- 
ing lioom."     D.  Van  Nostrand  Co.     Pages  1  to  109  inc. 

G.  D.  Aspinall  Parr.  "Electrical  Engineering  Measuring 
Instruments."  D.  Van  Nostrand  Co.  Small  portions  de- 
votsd  to  meters  throughout  the  book. 

Francis  B.  Crocker.  "  Electric  Lighting."  1901.  D.  Van  Nos- 
trand  Co.     Pages  432  to  450  inc. 

Horatio  A.  Foster.     "Electrical  Engineers'  Hand  Book."     1903. 
D.  Van  Nostrand  Co.     Pages  615  to  635  inc. 
Papers  read  before  the  Conventions  of  the  various  Electrical 

Associations. 

Trade  literature  and  articles  in  the  electrical  journals. 
Copies  of  Patent  Specifications. 

Discussion. 

Chairman  Lieb:  We  have  time  enough  for  a  few  remarks  if  any  of 
the  f^ontlemcn  here  present  feel  they  wish  to  make  any.  I  will  say  for 
the  benefit  of  our  good  friends  from  abroad  that  this  is  a  Congress 
address,  almost  a  book,  which  gives  in  very  great  detail  the  meter  prac- 
tice as  developed  by  one  of  the  larger  American  electricity  supply  com- 
panies and  will  undoubtedly  be  found  interesting  to  them  in  making 
comparisons  with  their  own  practice. 
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Mr.  J.  R.  Dick:  The  first  thing  that  strikes  the  European  engineer 
in  looking  over  this  paper  is  the  fact  that  the  only  type  of  meter  referred 
to  is  the  watt-hour  type.  The  development  of  metering  in  European 
countries  has  been  in  rather  a  difierent  direction.  Now,  I  want  to  suggest 
to  the  American  engineers,  who  adhere  to  the  watt-hour  type  that  there 
ought  not  to  be  any  preference  given  to  that  type  over  the  ampere-hour 
type,  because  theoretically  and  in  actual  results  you  are  obliged  to  keep 
the  voltage  variation  within  close  limits.  If  your  regulation  approximates 
to  1  or  2  per  cent,  there  is  no  objection  to  the  latter  type,  and  it 
would  be  fair  to  both  the  customer  and  the  supply  undertaking.  The 
last  part  of  the  paper  deals  with  troubles,  and  the  gist  of  it  is  how  to 
minimize  these  troubles  of  considerable  magnitude  which  occur  in  all 
mechanical  meters.  I  cannot  help,  Mr.  Chairman,  having  a  preference  for 
a  certain  class  of  meter  —  I  make  both  mechanical  and  electrolytic  —  but 
from  many  years'  study  of  the  subject  I  am  convinced  that  the  electro- 
lytic meter  holds  a  prominent  place.  You  have  no  trouble  from  friction, 
you  have  the  same  accuracy  of  registration  after  five  years,  and  you  need 
not  consider  in  the  least  whether  your  meter  is  working  near  its  declared 
full  load,  or  within  one-tenth  of  it,  because  the  accuracy  record  is  the 
same.  Thus  you  have  the  further  enormous  advantage,  that  you  do 
not  need  to  store  a  large  variety  of  sizes,  for  you  can  make  a  single 
design  to  be  operated  at  any  working  load,  from  one-tenth  up  to  its 
nominal  full  load,  and  always  with  the  same  sensitiveness.  Then,  again, 
you  get  rid  of  commutator  troubles,  and  all  varieties  of  friction  owing  to 
the  action  of  the  meter  being  molecular  instead  of  mechanical  motion. 

Mr^W.  C.  L.  Eglin:  I  think,  as  the  Chairman  has  said,  this  is  a  paper 
which  can  be  studied  by  the  central-station  man  who  wishes  to  study 
the  defects  which  may  arise  in  individual  meters.  In  reference  to  the 
point  made  by  Mr.  Dick  as  to  the  electrolytic  and  mechanically-operated 
meters,  of  course  we  went  through  an  experience  with  a  dozen  electro- 
lytic and  chemical  meters  in  this  country.  One  of  the  necessities  in  a 
satisfactory  meter  is  that  you  must  give  the  consumer  something  he  can 
read.  The  electrolytic  meter  has  been  improved  tremendously  within  the 
last  few  years,  but  our  practice  was  changed  at  a  time  when  the  consumer 
demanded  reading  his  own  meter.  The  objection  to  the  ampere-hour 
meter  is  two-fold:  It  does  not  give  an  absolutely  accurate  record  of  the 
consumption  of  energy,  and  in  law,  under  ordinary  conditions,  we  lose  a 
case  if  we  admit  that  the  meter  may  be  2  or  3  per  cent  fast  or  slow. 
It  is  not  exactly  what  you  sold  to  the  consumer  —  it  may  be  2  or  3 
or  4  per  cent,  one  way  or  the  other.  In  alternating-current  supply  it 
is  decidedly  disadvantageous,  because  the  ampere-hour  meter  is  very  in- 
accurate on  inductive  loads,  so  that  for  these  reasons  the  United  States 
adopted  as  standard  the  watt-hour  meter  and  the  watt-hour  is  the  stand- 
ard unit  in  the  United  States,  and  not  the  ampere-hour.  It  was  the  most 
accurate  unit  and  what  we  Avere  attempting  to  obtain  was  the  greatest 
accuracy  in  our  meter  work. 

Chairman  Lieb:     I  will  say  for  Mr.  Dick's  information  that  we  have 
no  such  thing  in  this  country  as  declared  pressure,  which  is  really  the 
Vol.  11  —  61 
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element  which  is  furnished,  and  which  is  lacking  in  the  ampere-hour 
meter.  That  does  not  mean  that  we  do  not  maintain  a  reasonably 
accurate  pressure,  but  we  have  no  such  thing  as  a  declared  pressure  — 
either  declared  by  the  State,  or  by  a  municipality. 

Mr.  Dick:  Do  I  understand  then  that  your  Legislature  prescribes  the 
use  of  a  wattmeter? 

Chairman  Lieb:  No,  sir;  but  there  is  to-day  no  other  meter,  practi- 
cally, in  the  market  in  the  United  States  for  measuring  direct  current 
than  the  recording  wattmeter.  That  is  the  state  of  the  case.  If  there  is 
no  further  discussion,  we  will  now  consider  the  discussion  closed. 


I  will  say  that  we  have  two  papers  which  have  not  been  brought  before 
the  Section,  one  by  Mr.  V.  Poulsen  on  "  Production  of  Continuous  Electric 
Oscillations."    We  will  consider  this  paper  as  read  by  title. 


SYSTEM  FOR  PRODUCING  CONTINUOUS  ELEC- 
TRIC OSCILLATIONS. 


BY  V.  POULSEN. 


It  is  known  that  Mr.  Duddell,  in  the  year  1900,  discovered  that  a 
direct-current  arc,  shunted  with  a  condenser  in  series  with  a  self-in- 
duction, as  in  Fig.  1,  will,  under  certain  conditions,  give  out  a  musical 
note,  and  transform  part  of  the  direct  current  into  alternating  cur- 
rent with  constant  amplitude;  the  energy  dissipated  in  the  condenser 
circuit  in  ohmic  loss  being  supplied  from  the  direct  current.  Dud- 
dell  found,  however,  that  the  arc  is  only  "  musical "  when  the  fol- 
lowing conditions  are  satisfied : 

It  dV  is  a  small  change  in  the  p.d.  between  the  terminals  of 
the  arc,  and  dl  the  corresponding  change  in  the  current  through 
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Fig.   1. 


the  arc,  then  dV/dl  must  be  1),  negative;  2),  numerically  greater 
than  the  resistance  of  the  condenser  circuit;  and  3),  numerically  less 
than  the  resistance  of  the  direct-current  circuit  in  series  with  the 
arc.  These  conditions  are  fulfilled  if  the  arc  is  formed  between  solid 
carbons. 

This  simple  way  of  producing  alternating  currents  of  even  high 
frequency  seemed,  justly,  to  be  the  nearly  ideal  principle  for  the 
securing  a  system  for  producing  continuous  electric  oscillations  — 
i.  e.,  alternating  currents  of  very  high  frequency. 

"When  experimenting  some  years  ago  with  the  musical  arc,  I  made 
an  observation  which,  followed  by  occasional  experiments,  led  me  to 
the  construction  of  a  generator  for  producing  continuous  electric 
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oscillations.  A  short,  general  description  of  some  of  my  experi- 
ments and  arrangements  will  here  be  given. 

Fig.  1  shows  the  diagram  of  an  ordinary  musical  arc.  P  is  a 
choking  coil,  S  is  the  self-induction,  and  C  the  capacity  m  the  shunt 
circuit,  i?  is  a  regulating  resistance  inserted  in  the  direct-current 
circuit. 

In  view  of  my  first  experiment,  the  carbons  were  placed  horizon- 
tally and  coasially,  as  shown  in  Fig.  2.  In  this  way  an  ordinary 
spirit-lamp  could  be  held  under  the  arc  in  such  a  manner  that  the 
latter  and  the  adjacent  parts  of  the  electrodes  were  quite  surrounded 
by  the  spirit-vapor.    The  ammeter  A  was  placed  in  the  direct-current 


Fig.  2. 


circuit,  and  the  hot-wire  ammeter  T,  in  the  condenser  circuit. 
The  direct  current  was  taken  from  an  ordinary  220-volt  lighting 
circuit. 

When  the  musical  arc  was  placed  in  spirit-vapor  in  the  above- 
mentioned  manner,  then  the  note  abated  in  pitch,  while  at  the  same 
time  T  showed  a  considerable  increase  in  the  alternating  current, 
and  the  direct  current  dimished.  Furthermore,  the  emission  of  light 
of  the  arc  diminished,  as  is  usual  with  hydrogen  and  hydrogen  com- 
pounds. As  with  the  atmospheric  arc,  the  note  also  increased  in 
pitch  in  the  alcoholic  arc  when  the  direct  current  was  increased.  A 
different  length  of  arc  was  required  in  spirit-vapor  than  in  air  to 
give  a  maximum  current  in  the  condenser  circuit. 
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Table  I  contains  the  data  of  two  series  of  experiments ;  one  in 
which  the  distance  between  the  electrodes  is  adapted  to  spirit- 
vapor  and  another  in  which  it  is  adapted  to  air. 

The  large  choking  coil  D  was  without  iron  and  had  an  inductance 
of  0.19  henry.  The  self-induction  S  without  iron  was  5.6  X  10~^ 
henrys  and  the  capacity  of  the  condenser^  was  about  2.5  microfarad?. 


Resistance 
of  R  +  D 
in  ohms. 

Direct-cur- 
rent p.d. 
between  the 
electrodes. 

Direct- 
current  in 
amperes. 

Alternating 
current  in 
amperes. 

Distance 

between  the 

el  tetrodes 

in  umi. 

The  arc  being  in: 

54 
54 
36 
36 
54 
54 
36 
36 

101 
47 
83 
47 
31 
31 
29 
29 

3.2 
3.2 
3.8 
4.8 
3.5 
3.5 
5.3 
5.3 

6.9 
2.4 
9.0 
2.4 
3.1 
5.8 
4.6 
6.0 

Abt.  2.0 
'•      2.0 
"      2.7 
"      2.7 
"      1.2 
•'      1.2 
"      1.0 
"      l.U 

Spirit-vapor. 

Air. 
Spirit- vapor. 

Air. 

Air. 
Spirit- vapor. 

Air. 
Spirit-vapor. 

In  the  first  series  of  experiments  V/I  was  greater  for  the  spirit 
arc  than  for  the  atmospheric  arc.  In  the  second  series  the  pitch 
of  the  note  was  very  nearly  tlie  same  in  air  and  in  spirit-vapor;  and 
the  inserted  resistances  and  direct  currents  being  the  same,  the  en- 
ergy in  the  condenser  circuit  is  proportional  to  the  square  of  the 
current. 

The  inserted  resistances,  as  also  S  and  C,  were  cliosen  arbitrarily. 
The  superiority  of  the  spirit-vapor  became,  with  relation  to  the  air, 
greater  than  in  the  above-mentioned  experiments,  when  the  ratio 
fi/C  was  taken  greater.  The  same  effect  as  spirit-vapor  was  given 
by  hydrogen,  ordinary  coal-gas,  and  ammonia-gas.  As  even  water- 
vapor  gave  an  effect  similar  to  that  of  the  hydrocarbons  at  low  fre- 
quencies, the  effect  seemed  to  be  produced  by  the  hydrogen.  That 
the  effect  was  not  due  to  the  streaming  of  the  gas  became  evident 
through  experiments  in  a  closed  vessel. 

"When  the  image  of  the  hydrogenic  arc  was  projected  upon  a 
screen,  the  condenser  circuit  not  being  closed,  the  arc  was  observed 
as  a  greenish-blue  spot  with  a  very  faint  trace  of  a  purple-colored 
core.  As  soon  as  the  arc  was  made  "  musical "  by  closing  the  con- 
denser circuit,  it  became  thick,  the  purple-colored  core  becoming 
then  very  marked.  When  there  a  copper  anode  and  a  carbon  cathode 
were  used  instead  of  two  carbons,  the  core  was  particularly  beautiful. 

As  I  aimed  at  obtaining  frequencies  as  high  as  possible,  and  as 

1.  The  insulation  of  the  condenser  ■was  not  good. 
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the  superiorit}'  of  the  hydrogenic  arc  became  more  evident  when  the 
ratio  S/C  was  made  greater,  as  above  mentioned,  I  laid  special 
stress  on  dimishing  C^  which  was  reduced  with  good  result  down  to 
1  X  10~^  microfarads. 

The  hydrogenic  arc  gave  out  "  musical "  notes,  or  rather  electric 
"notes,"  of  several  hundred  thousand  oscillations  per  second,  and 
even  though  of  less  intensity,  some  millions  of  oscillations  per  sec- 
ond. The  excellent  resonance  effect  that  can  be  obtained  by  these 
oscillations  indicate  their  continuity,  and  in  the  rotating  mirror  it 
is  seen  that  the  oscillations  actually  are  continuous. 

At  high  frequency,  alcohol  did  not  prove  to  be  as  good  as  hydro- 
gen, coal-gas,  or  ether.  Furthermore,  it  was  shown  to  be  necessary 
to  draw  out  the  arc  to  a  certain  length  in  starting  the  oscillations. 
Wlien  the  oscillations  are  started,  the  length,  as  a  rule,  can  be  les- 
sened a  little,  without  the  oscillations  ceasing.  If  the  length  of  the 
arc  is  increased,  then  the  oscillations  continue,  and  cease  only  when 
the  distance  between  the  electrodes  has  become  so  great  that  the  arc 
is  extinguished. 

When  the  arc  oscillates  in  a  gas  flame,  this  latter  assumes  a  spe- 
cial form.  If  the  ratio  S/C  is  small,  the  appearance  of  the  flame 
and  arc  is  very  curious,  the  gas,  or  particles  in  the  gas,  being  pro- 
jected from  the  arc-  with  a  blowing  sound.  If  the  ratio  S/C  is  very 
small  or  very  great,  the  arc  cannot  oscillate. 

On  some  few  occasions  I  got,  when  S/C  was  great,  a  momentary 
p.d.  between  the  coatings  of  the  Leyden  jar  which  represented  C 
so  great  that  the  edge  became  luminous  and  the  odor  of  ozone  was 
present.  As  this  was  not  repeated  later  on,  I  placed  my  oscillating 
arc  in  a  transverse  magnetic  field,  under  otherwise  the  same  condi- 
tions, in  order  to  see  whether  this  would  be  of  avail. 

The  increase  in  the  effect  was  very  striking.  From  the  Leyden 
jar  was  heard  and  seen  a  splendid  luminous  ring  of  small  discharges 
from  the  edge  of  the  inner  coating.  The  heat  caused  thereby  became 
so  great  that  the  tinfoil  melted  at  the  edge  and  the  Leyden  jar 
cracked  in  a  circle.  When,  instead  of  a  permanent  magnet,  I  used 
an  electromagnet,  inserted  in  the  direct-current  circuit  (see  Fig.  3), 
then  the  arc  became  more  stable  and  showed,  with  the  electrodes 
suitably  formed,  and  with  even  a  magnetic  field  of  1X10*  to  1:5 
X  10*  gausses,  no  tendency  to  extinguishment. 

In  the  magnetic  field  the  resistance  of  the  arc,  or  rather  the  ratio 
V/1,  is  very  great,  and  the  more  so  the  greater  is  S/C.  Wlien  the 
electrodes  are  drawn  back  from  each  other  in  the  magnetic  field,  tlie 
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direct  current  decreases  until  that  length  of  the  arc  is  attained  at 
which  the  oscillations  begin ;  the  direct  current  then  increases  again 
somewhat,  that  is,  the  oscillations  lessen  the  resistance  of  the  arc. 
Wlien  the  hydrogenic  arc  is  placed  in  a  magnetic  field  as  men- 
tioned, S/C  can  be  chosen  much  greater  than  otherwise.    On  the 


Mi, 


^ 


Fig.  3. 

other  hand,  the  magnetic  field  will  do  more  harm  than  good  when 
S/0  is  small. 

The  atmospheric  musical  arc  cannot  be  established  with  a  value 
of  S/C  that  makes  the  magnetic  field  applicable  to  the  hydrogenic 
arc,  and  the  magnetic  field  is,  moreover,  quite  inapplicable  to  the 
atmospheric  musical  arc.  A  magnetic  field  parallel  to  the  hydro- 
genic arc  shows  about  the  same  effect  as  a  transverse  field. 


^io.£'.";i 


Fig.  4. 


As  electrodes  I  have  used,  besides  carbon  to  carbon,  different 
metals,  for  example,  with  good  efi'ect  -\-  copper  cooled  by  running 
water,  to  —  carbon.  Some  forms  of  water-cooled  electrodes  are 
shown  in  Fig.  4. 
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The  wear  is  surprisingly  small.  Silver,  copper,  and  mercnrv  are 
about  equally  good  anode  metals  for  the  oscillating  arc.  -\-  copper 
to  —  copper  proved  on  some  occasions  to  be  of  very  great  effect ;  but 
this  combination  in  general  gives  rise  to  discontinuities  in  the 
oscillations. 

"Wliere  there  is  wanted  an  arrangement  that  can  stand  and  take 
care  of  itself  for  a  longer  time,  it  is  necessary  to  remove  the  carbon 
deposit  from  the  electrodes  in  order  to  keep  the  length  of  the  arc  and 
the  shape  of  the  electrodes  unaltered.  This  can  be  done  by  scraping 
the  rotating  electrodes  with  knives  of  hard  and  fireproof  materi.al, 
such  as  talc  or  self-hardening  steel. 

If  the  electrodes  are  placed  horizontally  in  a  transverse  magnetic 
field,  then  the  arrangement  ought  to  be  such  that  the  arc  is  forced 
upward,  at  any  rate,  not  downward.  An  arrangement  sufficiently 
good  for  many  experiments  is  that  shown  in  Fig.  5.  Here  a  cooled 
copper  anode  is  fixed  opposite  to  a  rotating  carbon  cathode  (speed 


Fig.  4a. 

at  the  periphery  2  to  5  mm.p.s.)  in  an  ether  or  gas  flame  (not  a 
Bunsen  burner).  The  magnetizing  coils  can  replace  the  choking 
coil.  In  order  to  avoid  soot  deposits,  one  may  inclose  the  arc  in  a 
case,  preferably  cooled  by  water,  and  let  the  gas  stream  out  from  it, 
for  instance,  to  a  Bunsen  burner;  if  the  gas  has  no  outlet,  then 
the  efl'ect  is  lessened  gradually,  especially,  when  a  strong  current 
is  used,  the  composition  of  the  gas  being  altered  at  the  same  time. 

If  an  ordinary  Leyden  jar  is  used  instead  of  an  air  or  oil  con- 
denser, the  jar  becomes  very  warm,  if  the  tinfoil  does  not  closely 
adhere  to  the  glass. 

In  case  the  coatings  closely  adhere  to  the  glass  everywhere,  then 
the  jar  can  be  used,  if  vaseline  or  a  similar  insulating  substance  is 
spread  over  the  coatings  on  the  inside  and  on  the  outside,  so  that 
their  edges  are  well  covered  by  the  oil. 

In  some  recent  experiments  I  ol)tained,  with  a  frequency  of  about 
5  X  10*,  in  the  condenser  circuit,  about  1560  watts,  the  arc  at  the 
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same  time  taking  from  the  direct-cnrrent  circuit  about  3170  watts; 
the  efficiency  was  thus  about  50  per  cent.  AVith  1140  watts  in  the 
condenser  circuit,  the  direct  watts  were  2700,  the  efficiency  thus 
being  42  per  cent.  With  464  watts  in  the  condenser  circuit,  the 
direct  watts  were  1070  and  the  efficiency  thus  43  per  cent.  The 
frequency  being  about  1.6  X  10^  I  had  in  the  condenser  circuit  800 
watts,  the  direct  watts  being  2800;  the  efficiency  thus  only  proved 
to  be  29  per  cent.  The  supply  voltage  during  all  these  experiments 
was  440  volts. 


The  supply  voltage  being  220  volts,  I  obtained  with  a  frequency  of 
about  5  X  10*  in  the  condenser  circuit,  358  watts,  the  direct  watts 
being  718 ;  this  gives  an  efficiency  of  50  per  cent.  With  a  frequency 
of  only  3000  to  4000  periods,  I.  had  in  the  condenser  circuit  282 
watts,  the  direct  watts  being  656  and  the  efficiency  thus  43  per  cent. 

In  regard  to  all  the  above-mentioned  experiments  no  preparations 
were  made  to  obtain  the  greatest  efficiency  or  effect.  For  instance, 
the  arc  was  placed  in  a  water-cooled  vessel,  without  outlet  for  the 
gas,  this  being  necessary  to  determine  the  energy ;  this  lessened  the 
intensity  of  the  oscillations,  as  mentioned  above,  while  at  the  same 
time  the  composition  of  the  gas  was  altered.    At  a  low  frequency 
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the  alteration  of  the  gas  does  not  impair  the  intensity  so  much ;  on 
the  other  hand,  the  insulation  was  very  bad  in  the  condenser  used 
for  the  frequencies  of  3000  to  4000. 

That  my  system  for  producing  continuous  electric  oscillations  ad- 
mits of  handling  a  good  deal  of  energy  at  even  very  high  frequency 
has  been  proved  by  different  experiments  in  connection  with  the 
ordinary  lighting  circuit  of  220  volts.  A  resonating  coil  gave,  when 
it  was  connected  by  the  Seibt  arrangement  to  an  oscillating  circuit 
with  the  ratio  henrys  1  microfarads  =  4.8,  a  noiseless,  very  warm 
flame  of  a  length  of  13  cm.  The  frequency  was  1.2  X  10^  If  the 
flame  is  made  short,  it  can  distinctly  be  seen  in  the  rotating  mirror 
to  be  continuously  oscillating.  A  large  Kontgen  tube  was  placed 
between  the  terminals  of  a  coil  inductively  coupled  with  an  oscilla- 
tion circuit  with  a  frequency  of  about  2X10^  and  in  a  short  time 
the  cathode  and  the  anti-cathode  melted. 

An  ordinary  200-volt  incandescent  lamp  glowed  when  placed  in 
series  with  two  persons,  one  of  whom  was  connected  with  an  oscil- 
lating circuit,  the  ratio  S/C  being  about  1.  A  Seibt  resonating  coil 
with  the  frequency  8.4X10^  gave  a  flame  of  a  length  of  about 
1  cm;  an  inductively  coupled  coil  with  the  frequency  1.1  X  10" 
gave  the  same  length. 

If  one  surrounds  the  secondary  coil  of  an  ordinary  spark  coil  witli 
windings  of  thick-copper  wire  and  places  these  windings  in  series 
with  a  capacity  of  some  microfarads  shunting  a  hydrogenic  arc,  a 
very  loudly  singing  flame  of  a  length  of  10  to  12  cm  or  more  is 
obtained.  A  Eontgen  tube  with  this  arrangement  gives  a  very 
strong  radiation. 

AVhen  the  ratio  S/C  is  great  —  about  15  —  there  is  a  considerable 
p.d.  directly  between  the  condenser  plates.  With  a  frequency  of 
.50,000  to  150,000  there  are  thick  sparks  of  2  to  5  cm  long  when  the 
self-induction  is  shunted  with  a  spark-gap. 

Fig.  6  shows  a  diagram  with  two  oscillating  circuits  of  the  same 
frequency;  by  means  of  such  an  arrangement  oscillating  flames  of 
about  the  double  voltage  can  be  oljtained. 

I  noticed  that  the  musical  arc  placed  in  nitrogen  gave  rise  to 
larger  alternating  currents  than  in,  air;  at  the  same  time  I  noticed 
that  the  atmospheric  arc  gave  a  larger  alternating  current  before 
the  carbons  become  quite  hot.  From  this  I  conclude  that  the  mu- 
sical arc,  considered  as  an  electric  transformer,  is  handicapped  by 
the  oxygen  and  that  this  circumstance  is  connected  with  the  com- 
bustion. 


Fig.  7. 
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I  could  not  obtain  with  the  nitrogonic  arc  as  high  frequencies, 
coiuhined  with  high  currents,  as  with  the  Iiydrogen  arc. 

Since  the  oxydation  of  tlie  electrode  material  seems  to  reduce 
the  alternating  currents,  as  above  mentioned,  it  is  natural  to  con- 
clude that  the  superiority  of  the  hydrogen  is  partly  due  to  its  great 
affinity  for  oxygen,  which,  even  in  small  quantities,  must  be  sup- 
posed to  affect  the  oscillations  adversely.    Without  going  into  a  more 


Fig.  6. 

detailed  explanation  of  the  influence  of  the  hydrogen  on  the  musical 
arc,  I  will  only  mention  the  peculiar  position  of  hydrogen  among 
the  elements  with  respect  to  velocity  of  the  ions. 

On  the  basis  of  the  experiments  I  have  made  with  the  "  oscillat- 
ing arc/'  I  believe  that  it  can  in  future  be  used  as  an  electric  gener- 
ator for  syntonic  wireless  telegraphy  and  telephony.  Without 
mentioning  other  technical  uses  for  which,  I  believe,  it  is  fitted,  I 
may,  finally,  express  the  hope  that  it  Avill  be  of  a  value  to  physicists 
and  electricians  comparable  to  that  of  the  Eiihmkorff  coil  in  the 
past. 


Chairman  Lieb:  We  will  noAv  take  up  the  paper  by  Mr.  H.  F.  Parshall 
on  "  The  Yorkshire  &  Lancashire  Electric  Power  Company."  I  shall  be 
very  glad  if  one  of  the  members  of  the  Institution  of  Electrical  Engineers 
will  abstract  this  paper  very  briefly.  It  seems  to  be  a  striking  and  in- 
teresting paper,  giving  a  history  of  the  work  and  the  Act  of  Parliament 
covering  the  rights  given  to  the  company.  As  the  paper  is  iii  print  and 
members  have  a  copy  of  it,  those  who  are  interested  in  it  can  read  it. 


THE    YOEKSHTRE    &   LANCASHIRE    ELECTRIC 
POWER  COMPANIES. 


BY  H.  F.  PARSHALL. 


The  author,  who  is  the  engineer  to  these  undertakings,  describes 
them  as  illustrations  of  a  numerous  class  of  general  supply  com- 
panies, authorized  by  Parliament  to  generate,  distribute  and  sell 
power  over  wide  areas  in  England  and  Scotland. 

For  the  edification  of  those  not  acquainted  with  British  Parlia- 
mentary clauses  I  quote  the  following  as  the  substance  of  the  special 
powers  granted  by  the  Act  of  1901  to  the  Yorkshire  Power  Co. : — 


The  Company  shall  be  established  for  the  purpose  of  constructing,  erect- 
ing, laying  down,  maintaining,  working  and  using  electric  generating  sta- 
tions and  works  and  producing,  generating,  using  and  supplying  electrical 
energ}'  or  power  and  generally  carrying  out  the  powers  and  purposes  of  this 
Act  and  the  powers  of  the  Clompany  shall  include  the  acquisition,  construc- 
tion, erection,  maintenance,  enlargement,  alteration,  working  and  use,  or 
discontinuance,  sale,  letting  and  disposal  of  all  such  lands,  easements, 
buildings,  collieries,  works,  machinery,  plant,  stock,  electric  current,  wires, 
lamps,  motor  fittings,  meters,  and  of  apparatus,  material,  matter^  and 
things,  and  the  exercise  of  such  powers  and  doing  of  such  works  and  supply 
of  such  material  and  product,  matter  and  things  as  may  be  necessary  or 
conA'^enient  in,  for,  or  in  connection  with  or  arise  or  be  used  in  the  produc- 
tion, generation,  use,  storage,  regulation,  transforming,  transmittal, 
measurements,  distribution  and  supply  of  such  energy  or  power  or  the 
fitting  up  and  the  repairing  of  any  such  articles  and  things  or  for  provid- 
ing or  working,  material,  matter  and  things  for  those  purposes  or  any  of 
them  or  otheinvise  carrying  on  the  undertaking. 

The  following  is  the  substance  of  the  special  restrictions : — 

Tlie  Company  shall  not  either  directly  or  indirectly  supply  energy  for  any 
purpose  to  or  within  any  such  city  or  borough  nor  execute  any  works  within 
any  such  city  or  borough  for  the  purpose  of  supplying  energy  to  consumers 
within  such  city  or  borough  except  with  the  consent  in  writing  of  the  Cor- 
poration under  their  corporate  seal. 

The  maximum  rates  of  charging  were  fixed  by  Parliament  and  are 
as  follows: — 
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SECTION  I. 

A.  To  authorized  undertakers  — 

1.  A   standard   charge   for   service   at   the   rate   of   ten   shillings   per 

electrical  horse  power  for  the   supply  of  which  the  Company  is 
required  to  make  provisions;  and 

2.  In  addition  a  charge  for  current  determined  by  meter  after  trans- 

forming as  follows : 

(A)  For  the  first  5,000  units  consumed  in  any  quarter  at  the 

rate  of  3d.  per  unit; 

(B)  For   all   units   consumed   between   5,000   and    10,000   in   any 

quarter  at  the  rate  of  2%d.  per  unit ; 

(C)  For  all   units   consumed  between   10,000   and  20,000  in  any 

quarter  at  the  rate  of  2i/>d.  per  unit; 

(D)  For  all   units  consumed  between  20,000  and  50,000   in   any 

quarter  at  the  rate  of  2d.  per  unit ; 

(E)  For  all  imits  consumed  between  50,000  and  100,000  in  any 

quarter  at  the  rate  of  l%d.  per  unit; 

(F)  For  all  units  consumed  between  100.000  and  200,000  in  any 

quarter  at  the  rate  of  Id.  per  unit; 

(G)  Amounts  over  200,000  units  consumed  in  any  quarter  at  the 

rate  of  %d.  per  imit;  and 

B.  To  persons  other  than  authorized  undertakers  twenty  per  cent  in  excess 

of  the  above  rates. 

SECTION  II. 

A.  To  authorized  undertakers: — 

(1)  For  any  quantity  not  exceeding  the  equivalent  of  one  hundred 

hours   of  supply  at   the   maximum   power  which   has   been   de- 
manded by  him  at  the  rate  of  threepence  per  unit. 

(2)  For  any  further  quantity  exceeding  the  equivalent  of  one  hundred 

and  not  exceeding  two  himdred  hours  of  supply  at  such  maxi- 
mum power  at  the  rate  of  twopence  per  unit. 

(3)  For  any  further  supply  exceeding  the  equivalent  of  two  hundred 

hours  of  supply  at  such  maximum  power  at  the  rate  of  one 
penny  per  unit. 

B.  To  persons  other  than  authorized  undertakers  twenty  per  cent,  in  excess 

of  the  above  rates. 


Turning  next  to  the  Lancashire  Electric  Power  1903  Act  the 
substance  of  the  general  powers  are  the  same  as  in  the  York?hire  but 
the  restrictions  are  much  more  onerous  since  it  h  stipulated  that: — 

The  powers  by  this  Act  granted  shall  be  exercised  only  for  the  purpose 
of  supplying  energy  to  some  general  supply  district  or  to  or  on  behalf  of 
some  local  authority  authorized  by  License  Order  or  Special  Act  to  supply 
energy  within  the  area  of  supply  or  to  some  Company  so  authorized,  and 
the  Company  shall  not  except  for  the  purpose  of  obtaining  convenient  access 
to  some  such  district  or  to  the  area  of  supply  of  some  such  authority  or 
Company  exercise  under  the  authority  of  the  Act  any  of  the  powers  of  the 
nrincipal  Act  in  reference  to  any  street. 

The  maximum  prices  which  the  Company  are  entitled  to  charge 
are  fixed  by  Parliament  and  are  as  follows: — 
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SECTION  I. 

Where  the  Company  charges  by  the  actual  amoiint  of  energy  supplied 
they  shall  be  entitled  to  charge  at  the  following  rates  per  quarter:  — 

(A)  For  any  quantity  not  exceeding  the  equivalent  of  one  hundred  hours 

of  supply  at  the  maximum  power  which  has  been  demanded  at 
the  rate  of  fourpence  per  unit; 

(B)  For  any  further  quantity  exceeding  the  equivalent  of  one  hundred 

and  not  exceeding  two  hundred  hours  of  supply  at  such  maximum 
power  at  the  rate  of  twopence  per  imit; 

(C)  For  any  further  quantity  exceeding  the  equivalent  of  two  hundred 

hours  of  supply  at  such  maximum  power  at  the  rate  of  one  penny 
per  imit, 

SECTION  II. 

Where  the  Company  charges  by  the  electrical  quantity  contained  in  the 
supply  given  the}'  shall  be  entitled  to  charge  according  to  the  rat«s  set 
forth  in  Section  I  of  this  Schedule  the  amount  of  energy  supplied  being 
taken  to  be  the  product  of  such  electrical  quantity  and  the  declared  pressure 
of  the  ends  of  the  electric  lines  situate  upon  the  premises  of  the  local  au- 
thority and  belonging  to  them  at  w^hich  the  supply  of  energj'  is  delivered 
from  the  electric  line  connecting  with  the  premises  of  the  Company  that  is 
to  say  such  a  constant  pressure  at  those  terminals  as  may  be  declared  by 
the  Company  under  any  regulations  made  by  them. 

It  is  unnecessary  to  make  further  comment  as  to  the  various 
l)rovisions  in  these  two  Acts  than  to  state  the  worlc  shall  be  carried 
out  with  due  regard  to  public  safety  and  convenieTice  and  in  accord- 
ance with  the  various  Acts  of  Parliament  relative  to  such  under- 
takings. 

The  following  statement  gives  the  main  characteristics  of  these 
two  districts. 

First  as  regards  the  Lancashire  Company,  the  area  of  supply 
covers  1200  square  miles.  This  area  is  probably  the  most  important 
industrial  and  manufacturing  centre  in  the  United  Kingdom.  It 
has  a  population  of  upwards  of  2,250,000,  and  contains  about  18,500 
factories  and  workshops,  and  about  700  quarries,  blast  furnaces, 
and  collieries,  employing,  it  is  estimated,  1,500,000  horse-power. 

There  are  Avithin  the  area  122  local  authorities,  and  of  these  only 
28  have  established,  or  commenced  the  construction  of,  works  for  the 
supply  of  electricity.  They  supply  but  a  small  fraction  of  the  popu- 
lation, mainly  for  lighting  purposes,  and  the  supply  of  electricity  for 
power  in  this  vast  industrial  area  has  not  yet  been  seriously  com- 
menced. Although  out  of  the  remaining  94  of  these  local  author- 
ities 28  have  obtained  Provisional  Orders,  they  have  not  yet  exer- 
cised their  powers,  and  many  of  those  are  already  in  negotiation  with 
the  Company  for  a  supply  of  electricity  in  bulk.  Fig.  1  is  a  map  of 
the  areas  of  supply  showing  the  boundaries  of  the  local  authority 
districts  and  location  of  jrcncratiuff  stations. 
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Xext  as  regards  the  Yorkshire  Company  the  aron  of  supply  covers 
1800  square  miles.  Population,  3,000,000.  Xumber  of  local  au- 
thorities 156,  made  up  of  5  County  Boroughs,  13  Non-County  Bor- 
oughs, 116  Urban  District  Councils,  22  Eural  District  Councils. 
Number  of  Collieries  406.  Estimate  of  total  power  used  1,500,000 
to  2,000,000  horse-power.  Of  the  quarries,  40  come  under  the  Mines 
Act,  there  are  probably  another  100  who  do  not.    Number  of  fac- 
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tories  about  10,000.  Iron  foundaries  201.  Fig.  2  shows  the  area  of 
supply  of  the  Yorkshire  Power  Company  and  boundaries  of  the 
local  authority  districts  within  the  area,  position  of  coal  mines  and 
location  of  generating  stations. 
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Practically  ever}^  class  of  manufacture  is  carried  on  in  these  dis- 
tricts. The  load  factor  varies  from  10  to  12  per  cent  in  small  light- 
ing plants  to  40  per  cent  in  some  mines  and  mills.    The  average  load 
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Fig.  a. 


factor  is  computed  to  be  25  per  cent.  In  making  up  the  preliminary 
estimates  it  was  necessary  to  investigate  the  conditions  generally  as 
to  the  cost  of  power  to  the  different  classes  of  customers.    For  this 
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purpose  the  consumers  are  classified  according  to  the  amount  of 
power  used  and  the  extent  to  which  they  use  the  power,  in  other 
words,  according  to  the  maximum  demand  and  load  factor  of  their 
plant.  The  users  of  power  range  from  10  to  2000  hp  and  load  fac- 
tors from  5  to  50  per  cent,  and  the  costs,  including  capital  charges, 
range  from  one-third  of  a  penny  per  hp-hour  to  2d.  per  hp-hour  ac- 
cording to  size  and  user.  The  bulk  of  the  users,  however,  are  fac- 
tories running  56  hours  per  week,  with  a  fairly  steady  load  whilst 
the  plant  is  running,  and  further  it  is  not  anticipated  that  the  aver- 
age user  will  exceed  100  kw  for  some  considerable  time.  It  is  also 
estimated  that  the  average  of  the  consumers^  load  factors  will  be 
about  25  per  cent.  Under  these  conditions  the  following  is  a  table 
of  prices  which  consumers  in  these  districts  would  pay  after  allow- 
ing a  suitable  margin  as  an  inducement  to  take  a  supply  from  the 
Power  Coinpany:  The  curve  corresponding  to  this  table  is  shown 
in  Fig.  5. 

Hours  per  quarter 
at  maximum 
demand. 

100 

120 

140 

160 

180 

200 

250 

300 

350 

400 

500 

600 

700 

800 
1,000 
1,200 
1,400 

The  proposition  resolves  itself  broadly  as  to  how  to  design  a  plant 
which  will  generate  and  transmit  power  throughout  a  large  area  at 
prices  which  will  compete  with  the  power  user's  plant.  Other  con- 
ditions equal,  the  commercial  advantages  of  a  general  power  in- 
stallation are  due  to  the  increased  size  of  the  power  station;  against 
Vol.  II  — 62 


Load  factor, 
percentage. 

4.57 

Price  per  unit, 
pence. 

5.6 

5.48 

4.6 

6.4 

4.0 

7.3 

3.5 

8.2 

3.2 

9.14 

2.9 

11.4 

2.4 

13.7 

2.00 

15.97 

1.75 

18.25 

1.6 

22.8 

1.3 

27.4 

1.15 

32.0 

1.0 

36.5 

.94 

45.7 

.8 

54.8 

.75 

64.0 

.65 
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this  must  be  charged  the  greater  cost  of  conductors,  transformers 
and  energy  loss  therein.  In  the  normal  case  the  largest  power 
consumer  can  be  but  a  small  fraction,  say  a  twentieth  or  a 
thirtieth,  of  the  central  power  installation  with  advantage  to  both 
parties,  which  is  a  principle  essential  to  the  permanent  success 
of  such  undertakings.  In  the  Lancashire  and  Yorkshire  dis- 
tricts, however,  there  is  the  general  condition  that  condensing  water 
is  not  available  to  the  ordinary  power  user,  whereas  central  power 
stations  can  be  located  with  proper  condensing  facilities,  thus  ma- 
terially increasing  the  advantages  of  the  central  power  installations. 

Having  ascertained  generally  the  conditions  obtaining  in  these 
districts  and  the  conditions  to  be  fulfilled  by  the  Power  Company 
in  order  to  comply  with  the  requirements  of  the  users  in  supplying 
power  to  them  to  their  advantage,  and  at  the  same  time  to  supply 
at  a  profit  to  the  Power  Company,  the  next  step  is  so  to  -design  the 
installation  as  a  whole  as  not  to  exceed  the  limit  of  capital  ex- 
penditure fixed  by  the  relative  cost  of  capital  and  production.  The 
importance  of  capital  may  be  realized  from  the  fact  that  a  power 
user  is  often  so  placed  that  he  can  equip  his  factory  with  a  steam 
plant  for  about  £12  a  horse  power,  including  condensing  plant  and 
buildings,  whereas  the  majority  of  Supply  Undertakings  in  England 
have  spent  between  £80  and  £100  per  kilowatt  capacity  at  the 
consumers'  premises. 

Having  regard  to  the  conditions  obtaining  in  tlie  Yorkshire  and 
Lancashire  districts,  the  total  inclusive  capital  expenditure  should 
not  exceed  the  following  amounts : 


Capacity  KVy. 

Capital. 

Capital  per  KW. 

5,000 

2^3,000 

58.6 

10,000 

619,967 

51.9 

20,000 

974,700 

47.7 

30,000 

1,437,000 

47.9 

40,000 

1,880,000 

47.0 

50,000 

2,333,000 

46.6 

G0,000 

2,787,000 

46.4 

Another  important  point  to  determine  in  such  extensive  districts 
is  the  limit  in  size  of  the  generating  station  beyond  which  it  does  not 
pay  to  add  to  it,  and  as  a  consequence  when  it  is  advisable  to  build 
other  generating  stations.  In  the  particular  cases  under  discussion 
this  limit  is  from  50,000  to  60,000  kilowatts.  The  areas  of  the  two 
districts  under  notice  are  1,200  and  1,800  square  miles,  and  four 
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sites  have  been  scheduled  in  each  area  in  positions  which  are  fairly 
symmetrical,  so  that  the  furthest  point  of  transmission  is  about  ten 
miles,  giving  from  300  to  450  square  miles  as  an  area  of  supply  from 
each  station. 

The  next  step  is  to  determine  the  voltage  of  transmission  and 
other  constants.  The  periodicity  adopted  is  50  cycles  per  second 
recommended  by  the  British  Standard  Committee.  The  pressure 
adopted  for  the  generators  and  generally  for  transmission  is  10,000 
volts,  and  the  system  three-phase.  Consumers  will  be  supplied  with 
power  in  the  form  of  three-phase  currents  at  10,000  volts  or  else  at 
400  volts,  or  in  the  form  of  direct  current  at  500  volts. 

In  the  case  of  both  the  Yorkshire  and  the  Lancashire  power 
plants  it  has  been  decided  to  put  down  as  a  trial  plant  6,000  kilo- 
watts in  four  units  of  1,500  kilowatts  each.  The  arrangement  of 
this  plant  is  shown  in  plan  on  Fig.  3  accompanying  this  paper,  and 
in  elevation  on  Fig.  4.  The  general  arrangement  is  the  same  in 
both  cases,  but  the  particular  drawings  submitted  were  prepared  in 
connection  with  the  Lancashire  Power  Company ;  generally  however, 
the  same  remarks  apply  to  both. 

The  plant  is  arranged  in  two  main  groups  of  3000  kw  each, 
each  group  being  self  contained  and  consisting  of  three  boilers  witb 
a  chimney,  two  turbine  sets  each  provided  with  a  separate  con- 
denser, with  air  and  circulating  pumps  and  suction  pipe.  The 
arrangement  of  plant  has  been  adopted  in  order  to  facilitate  ex- 
tensions and  to  provide  that  each  unit  of  plant  bears  its  own  pro- 
portionate cost,  and  that  no  capital  is  expended  on  account  of  future 
requirements.  The  unit  of  plant  as  stated  is  3000  kilowatts,  but 
in  the  first  instalment  of  plant  it  has  been  necessary  to  subdivide 
this  power  in  so  far  as  it  relates  to  the  turbine  generators  and  their 
auxiliaries,  into  two  units  of  1500  kw  each,  thus  providing  for 
an  output  of  4500  kilowatts  with  one  unit  to  spare.  In  the  first 
extension  of  plant  the  size  of  generator  unit  will  be  increased  to 
3000  kw. 

The  boilers  are  arranged  with  the  line  of  firing  floor  at  right 
angles  to  the  line  of  engine  house.  The  piping  belonging  to  each 
group  is  interconnected.  The  boiler  house  is  provided  with  over- 
liead  bunkers  supplied  by  an  automatic  railway.  This  station  is  so 
located  that  there  is  a  difference  of  level  between  the  railway  and 
the  ground  level  of  70  feet. 

A  railway  siding  is  constructed  running  parallel  to  the  line  of 
Power-station  with  a  discharging  hopper  opposite  the  coal  bunkers, 
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Fid.  3.  —  Plan  op  generating  station. 
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Fig.  4. —  Elevation  of  generating  station. 
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placed  between  two  groups  of  boilers.  An  automatic  railway  is 
provided  connecting  the  discharging  hopper  to  the  bunkers  over  the 
boiler  room;  the  hopper  discharges  into  a  truck  which  travels  by 
gravity  to  any  position  over  the  bunkers  and  discharges  itself  auto- 
matically into  any  of  the  bunkers,  as  may  be  arranged. 

The  boilers  are  of  the  Babcock  &  Wilcox  water  tube  type,  with  a 
heating  surface  of  5730  square  feet  and  a  grate  area  of  100  square 
feet,  fitted  with  superheaters  having  a  heating  surface  of  510  square 
feet.  Each  boiler  is  rated  to  evaporate  20,000  lbs.  of  steam  per 
hour  under  a  pressure  of  160  lbs.  per  square  inch.  Each  boiler  is 
fitted  with  two  chain-grate  stokers,  each  having  a  grate  area  of  50 
square  feet.  The  stokers  are  fed  from  overhead  bunkers  by  means 
of  automatic  measuring  shoots. 

The  condensing  plant  consists  of  surface  condensers,  one  for  each 
steam  turbine,  with  vertical  tubes  having  a  total  area  of  4500  square 
feet;  a  motor  driven  air  pump  of  the  Edwards  three-throw  type, 
15"  X  8"  X  165  r.p.m. ;  and  a  motor  driven  circulating  pump  for 
driving  160,000  gallons  of  water  per  hour  through  the  condenser. 
In  connection  with  the  condensing  plant  an  air  pump  is  connected 
to  the  circulating  pipes  and  condensers  for  the  purpose  of  keeping 
the  circulating  system  free  of  air. 

The  exciter  and  auxiliary  plant  consists  of  three  generators,  eaci 
of  150  kw  output  at  220  volts.  These  generators  are  driven  by 
reciprocating  engines  of  the  enclosed  type.  The  exhaust  steam  from 
these  is  passed  through  a  feed  water  heater.  The  arrangement  of 
bus-bars,  connection  and  main  switches  can  readily  be  followed  in 
Fig.  4,  and  consists  of  two  sets  of  bus-bars  interconnected  by  a 
switch ;  two  generators  and  five  feeders  are  connected  to  each  set  of 
bus-bars  by  means  of  switches.  All  the  switches  are  of  the  oil-break 
type  and  operated  by  motor. 

The  buildings  are  substantially  constructed  and  consist  of  a  steel 
framework  filled  in  with  brick,  and  two  steel  chiiunej's,  each  chim- 
ney being  10  feet  in  diameter  and  150  feet  high. 

The  cost  of  foundations,  buildings,  chimneys  and  other  works  on 
the  site,  is  £16,500,  equivalent  to  £2.15.0  per  kw  of  plant;  and 
the  cost  of  the  plant  is  £90,000  or  £16  per  kilowatt,  making  a  total 
of  £18.75  per  kilowatt  for  plant  and  buildings. 

As  regards  expenditure  upon  transmission  and  distribution,  it  is- 
found,  as  the  result  of  negotiations  with  consumers,  that  the  bullx- 
of  the  supply  will  be  in  the  form  of  three-phase;  that  a  direct-cur- 
rent supply  is  to  be  the  exception  rather  than  the  rule,  and  that 
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its  use  will  practically  be  confined  to  tramway  supply.  In  conse- 
quence it  is  anticipated  that  the  expenditure  upon  this  system  will 
be  less  than  the  estimate,  as  the  original  estimate  provided  for  a 
large  proportion  of  direct-current  supply. 

Eeviewing  the  situation  as  a  whole,  there  is  every  probability  of 
the  whole  plant  and  works  being  completed  for  about  £45  per 
kilowatt. 

On  the  basis  of  an  average  load  factor  of  consumers  of  25  per  cent 
it  is  estimated  that  the  working  expenses,  including  operating  ex- 
penses, maintenance  and  repairs,  rents,  rates,  taxes  and  manage- 
ment, will  not  exceed  0.65  pence  per  unit  sold,  the  particulars  of 
cost  being  as  follows : — 

Operating  Expenses. 

Cost,  pence, 
Icem.  per  kw-hour. 

Generating  Station: 

Coal 0.221 

Oil,  waste  water,  stores  and  sundries 0 .  042 

Salaries  and  wages 0 .  115 

Substations : 

Wages  and  supplies 0 .  064 

Maintenance  and  Repairs : 

Wages  and  supplies 0 .  0805 

l?ents.  Rates,  Taxes 0.039 

Management  and  General 0 .  0795 


Total 0.65 

Figure  5,  Curve  I  shows  how  the  cost  varies  with  the  load  factor, 
and  Curve  II  shows  the  gradation  of  prices  with  load  factor.  Re- 
ferring to  the  scale  of  prices  obtainable,  it  will  be  seen  that  on  the 
basis  of  an  average  user  of  100  kw  and  25  per  cent  load  factor,  the 
price  obtainable  is  l|d.  per  unit,  leaving  a  profit  of  0.6  pence  per 
unit  sold.  The  profit  on  each  kilowatt  of  user,  assuming  a  load 
factor  of  25  per  cent  is  therefore  £5.5  per  annum.  The  capital  ex- 
penditure for  all  purposes,  including  promotion  and  purchase  of 
land,  may  be  taken  at  £70  per  kilowatt  of  user. 

In  the  foregoing  I  have  outlined  the  circumstances  affecting  power 
companies  in  England,  the  limitations  imposed  upon  them  bv  Par- 
liament, the  prices  obtainable  having  regard  to  the  size  and  extent 
of  user.     I  have  then  described  the  most  economical  type  and  ar- 
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rangement  of  plant  to  meet  the  conditions  obtaining.  It  is,  of 
course,  recognized  that  the  advantage  which  the  power  companies 
have  over  individual  power  users  is  small  at  first,  and  that  the 
margin  of  profit  will  grow  with  the  increase  of  business. 


40  50  00 

Load  Factor. 

Fig.  5. —  Cubve  of  price  from  consumers  averaging   100  kw,  and  of 
COST  of  supply  from  GOOO-kw  station. 

The  conclusion  to  be  drawn  from  this  paper  is  that  these  under- 
takings, if  carried  out  on  the  basis  outlined,  can  be  made  remu- 
nerative from  the  commencement,  and  that  beginning  with  a  6,000- 
kw  plant,  there  is  sufficient  margin  to  show  a  satisfactory  return 
on  the  capital  emplo3'ed. 


Chairman  Lieb:  In  closing  this  final  session  of  Section  E,  I  wish  to 
thank  the  gentlemen  for  their  assiduous  attendance  at  the  meetings,  and 
for  the  interest  manifested. 

On  motion  of  Mr.  Dick  a  vote  of  thanks  to  Chairman  Lieb  for  the 
efficient  manner  in  which  he  presided  over  the  Section,  was  unanimously 
accorded. 

The  Section  then  adjourned  sine  die. 
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